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Abstract 
 
This report presents the results of a study of Solenopsis invicta, the Red Imported Fire 
Ant (RIFA) foraging above ground near cave entrances and inside caves at Fort Hood, 
Texas, and examines ways in which RIFA interacts with other organisms above ground 
and with cave-adapted organisms below ground.  Above-ground RIFA foraging intensity 
was found to be related to disturbance, and high numbers of foraging RIFA were 
correlated with low numbers of native ants.  In-cave RIFA foraging was primarily limited 
to the entrance and twilight zones of caves with significant RIFA densities on the surface.  
Occasional foraging in more remote parts of caves occurred in cooler months and RIFA 
gained access to the cave without using the entrance apparent to humans.  RIFA 
foraging in the entrance and twilight zones resulted in relatively little interaction with 
cave-limited species, but RIFA co-occurance  with important species, especially the cave 
cricket Ceuthophilus secretus, that utilize both cave and surface habitats indicates that 
there are important secondary effects which have a negative impact on the cave-limited 
species of concern.  Keystone taxa in the cave community appear to be the cave cricket, 
Ceuthophilus secretus, and white (cave-adapted) springtails.  At baits placed above 
ground at night, cave crickets often arrived at the food resource before RIFA, but the 
arrival and subsequent recruitment of workers by RIFA corresponded to the departure, 
or decline in numbers, of foraging cave crickets, indicating competition for crickets and 
RIFA for at least some food resources.  Crickets marked at the entrance of one cave 
were detected up to 105 m from the cave entrance, and the trend of our data suggests 
that some individuals may forage even farther from the cave.  Adjusting for search effort 
and available area at differing distances from the cave entrance, about half of the 
crickets forage at less than 40 m from the cave entrance, and 90% percent of the 
crickets forage at less than 80 m from the cave entrance. 
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Introduction 
 
Fort Hood is located on a band of karst (cavernous limestone) extending across much of 
central Texas from San Antonio (Bexar County) and through Austin (Travis and 
Williamson counties), northwards into Bell and Coryell counties.  In Bexar, Travis, and 
Williamson counties, a number of rare, endemic karst invertebrates occur in caves, 
where some of them are protected under the endangered species act (USFWS 1994, 
2000).  Reddell (2001), summarizing years of study at Fort Hood, identified several 
species of concern (Table SS0.5), primarily cave-limited species.  Among these are taxa 
known only from Fort Hood, sometimes from only a single cave.  That these species are 
closely related to those protected under the endangered species act has not gone 
unnoticed, and the Natural Resources Branch at Fort Hood is taking an active role in 
learning more about the species to facilitate their management. 
 
Among the most important members of the cave community at Fort Hood is the cave 
cricket, Ceuthophilus secretus.  This cricket forages on the surface at night and roosts 
inside the caves during the day.  Ceuthophilus secretus is fairly large for a cave 
organism, and thousands of individuals may be found in a single cave.  Unlike caves in 
eastern and midwestern North America, there are generally not large influxes of leaflitter 
and other organic debris to serve as the primary energy source.  Instead, cave crickets 
are a keystone energy source for many central Texas cave communities.  Further 
evidence of the importance of the crickets are the accumulations of cricket guano on 
cave floors and the presence of a carabid beetle, Rhadine reyesi, which has presumably 
evolved to be a predator of the eggs of the cricket (Figure 1).  During the nighttime in the 
warmer months, large numbers of Ceuthophilus secretus forage outside the cave 
entrances, returning to spend their days inside the caves (Taylor 2001).  Ceuthophilus 
spp. (cave crickets, Orthoptera: Rhaphidophoridae) are thought to be opportunistic 
omnivores.  For example, in New Mexico caves Campbell (1976) noted both animal and 
plant material in the stomachs of Ceuthophilus conicaudus, and Cokendolpher et al. 
(2001) collected Ceuthophilus carlsbadensis and Ceuthophilus longipes at a variety of 
bait types (jelly, tuna, and rancid liver), with bait preferences varying seasonally.  Elliott 
(1992) made observations on foraging by Ceuthophilus secretus and an undescribed but 
closely related species (in Travis and Williamson counties, Texas), noting they “were 
mostly seen on foliage, dead leaves, lichens on sticks, and grass, but they were not 
chewing although they used their palpi to probe the substrate.”  Elliott (1992) also 
observed a cave cricket with a dead RIFA in its mandibles. According to Reddell 
(personal communication, August 2001), adults of the two Ceuthophilus species that 
Elliott worked with in Travis and Williamson counties (Elliott 1992) seem to be dominant 
at different times of year. 
 
Perhaps the most critical management problem facing the karst species at Fort Hood is 
the apparent threats that have arisen with the invasion of the Red Imported Fire Ant 
(RIFA), Solenopsis invicta. These ants are aggressive and opportunistic omnivores that 
are able to capitalize on localized resources (Taber 2000, Wilson and Oliver 1969, 
Wojcik et al. 2001).  While it is already known that these ants forage in caves, most 
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evidence is based on collection records (Reddell 2001, Reddell and Cokendolpher 
2001b) and anecdotal observations, or has focused on identification of potential control 
methods (e.g., Elliott 1992).  Various reports to agencies by Elliott (cited in Elliott [1992]) 
document sometimes heavy use  of caves by RIFA in the Austin, Texas, area, but the 
fairly extensive list of caves at Fort Hood where RIFA have been recorded (Reddell 2001, 
Reddell and Cokendolpher 2001b) generally lack quantitative density measures.   
 
The major goal of our study is to quantify the extent to which the fire ants utilize caves at 
Fort Hood, Texas.  To explore the extent to which RIFA are a threat to karst invertebrate 
communities, we then developed several major questions to focus our investigations: 
 
1. To what extent to RIFA enter and forage in caves? 
• How far into caves to RIFA regularly forage: 
• Are there seasonal patterns to RIFA foraging in the caves? 
• How do seasonal patterns of in-cave RIFA foraging relate to surface RIFA 
foraging and to fluctuations in temperature? 
• To what extent does in-cave RIFA foraging vary among caves? 
• How is the distribution of cavernicoles in the caves related to the 
distribution of RIFA in the caves? 
2. How much land area around a cave needs to have RIFA control measures 
implemented to protect the cave fauna? 
• How far away from cave entrances does Ceuthophilus secretus forage? 
• Do RIFA affect foraging efficiency of Ceuthophilus secretus? 
 
These questions under (1) above are addressed by a combination of bait-trap sampling 
for RIFA (both in-cave and on the surface above) and quadrat censusing of cave life.  
We are fortunate to have the strong taxonomic foundation laid down by Reddell (2001) 
and his collaborators, as this allowed in-cave quadrat censusing to be non-lethal, based 
on in-the-field visual identifications.  The questions under (2) above are addressed 
through nighttime studies on the surface near one cave that suited our needs (abundant 
RIFA, abundant Ceuthophilus secretus, relatively easy access, presence of species of 
concern), Big Red Cave. 
 
The sections of this report that follow are broken down into more or less discrete units.  
The first section describes the study sites – the caves we selected and the land around 
the entrances to the caves.  The next section reports on our in-cave studies of 
Solenopsis invicta and karst invertebrates.  Above-ground (surface) studies of RIFA and 
native ants are presented in the third section.  The fourth section describes interactions 
of foraging RIFA and Ceuthophilus secretus at bait platforms on the surface. The final 
(5th) section covers a study of foraging range of Ceuthophilus secretus. 
 
The results of each of these analyses, and their relevance to the questions posed above, 
are summarized at the end of each section, and then we attempt to pull the various 
components together at the end of this report. 
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Figure 1.  Rhadini reyesi (Coleoptera: Carbidae) with a Ceuthophilus egg at Big Red 
Cave, 4 April 2002.  Two large holes in the clay substrate (upper left and lower right) are 
thought to be oviposition holes of Ceuthophilus which may have  been enlarged by 
Rhadine reyesi searching for cricket eggs.  Photo by Jean Krejca and Steve Taylor. 
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Glossary of Terms: 
 
Epigean – pertaining to, or living on, the surface of the earth (USEPA 1999). 
 
Hypogean – pertaining to, or living in, regions deeper than the litter and soil 
zones (USEPA 1999). 
 
Troglophile – a species which is able to complete its life cycle in caves, but also 
can do so in epigean environments (roughly following Humphreys 2000). 
 
Trogloxene – a species that does not normally feed in caves but which may 
enter them (Humphreys 2000). 
 
Troglobite – a species which does not exist outside of caves, the upper 
hypogean zone, or superficial underground compartments (after Humphreys 
2000). 
 
Cavernicole – animal which normally lives in caves for the whole or part of its life 
cycle (USEPA 1999). 
 
Karst – a terrane, generally underlain by limestone or dolomite, in which the 
topography is chiefly formed by the dissolving of rock, and which may be 
characterized by sinkholes, sinking streams, closed depressions, subterranean 
drainage, and caves (USEPA 1999) 
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I. Description of study sites 
 
 
In this chapter the six study sites are described.  They were chosen to span a range of 
land conditions, from less impacted areas to heavily used areas.  Descriptions of basic 
parameters are made, ranging from soil and vegetation on the surface above each cave, 
to continual monitoring of temperature and humidity at the deepest point in each cave.  
These descriptive data are important for land managers because they serve as a 
baseline for comparison when land use changes are being considered.  By establishing 
the range of conditions that these species prefer and/or tolerate, from cave interior to 
surface vegetation, managers can assess and mitigate the impacts of proposed 
changes.  The sampling points at each cave are mapped out in this chapter, and it is at 
these points where the data are taken that are presented and analyzed in proceeding 
chapters.  This chapter primarily describes the study sites, including giving reasons why 
the study sites were chosen, and tests no hypotheses.  
 
Methods 
 
Identifying study sites 
 
Study caves were chosen from a list of caves known to contain two or more terrestrial 
‘taxa of concern’ as defined in Reddell (2001) (Table 1).  In order to have our sites be as 
comparable as possible in terms of geology and microclimate, we chose them all from 
three adjacent training areas in the northeast corner of Fort Hood.  Because disturbance 
is thought to be an important factor (Sousa 1984) explaining RIFA distribution and 
abundance (Tschinkel 1986, 1998), three sites that appeared to have greater levels of 
disturbance were chosen from training areas 2 and 3 and three sites with less 
disturbance were selected from training area 6A (Table 2, Figure 2).  Reddell (2001, his 
Table 3) reports that four of the caves in our study (Figure 8, Talking Crows, Big Red, 
and Mixmaster caves) have previously been treated for fire ants. 
 
Study plots and transects 
 
For each of the six cave sites, a surface plot and a subsurface plot were measured and 
marked for sampling on return trips.  The surface plot consisted of a 30m x 30m square 
containing 25 grid points spaced 7.5m apart and centered on the cave entrance.  These 
surface grid points were marked with a wire flag with letter and number designation as 
illustrated in Figure 3.  Cave plots were laid out in a linear fashion, with ten stations 
spaced 4m apart, starting just inside the entrance and progressing toward the farthest 
reach of the cave (Figure 3).   
 
Plot size and number of grid points were chosen based on RIFA foraging range, cave 
cricket foraging range, grain of the landscape, and the amount of effort needed to 
sample.  RIFA construct foraging tunnels that may extend up to 30 m from their mound 
(Taber 2000).  However, more typical home ranges for a colony are about 10-15 m in 
diameter or less (Wilson et al. 1971, Markin et al. 1975), and maximum territory area for 
a colony is around 100 m2 (Korzukhin et al. 2001, Tschinkel et al. 1995). Figures in Elliott 
(1992) show numerous fire ant mounds within 15 meters of the entrances of caves.  The 
foraging range of cave crickets is also a factor in determining plot size.  Elliott (1992), 
working with Ceuthophilus secretus and a closely related, undescribed species, noted 
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that  “Cave crickets mostly feed within 5 or 10 m of the cave entrance, but large adults 
may travel 50 m or more.”   Based on Elliott’s work (1992, 1994), it is thought that most 
cave crickets forage within 30 m of the entrances of caves (Reddell and Cokendolpher 
2001b).  Another factor affecting plot size choice was the “grain” of the epigean habitat.  
The distribution of wooded and grassy areas at some cave entrances is very patchy, and 
we felt the 7.5m spacing of grid points insured that both were well represented when 
habitat types were variable.  The combination of these factors and our available 
sampling effort lead to the creation of square plots, 30 m long on each side, thus 
covering an area of 900 m2, or 0.09 hectare (0.222 acre).  Plots (e.g., Figure 3) were 
oriented with sides facing major magnetic compass bearings (N, S, E, W) to facilitate 
ease of presentation of data. 
 
In-cave sampling stations were established at 4 m intervals using a fiberglass measuring 
tape.  The 4m distance between sampling stations, with some additional sampling at 
intermediate (2m distance) stations, was chosen based on distance RIFA are thought to 
enter caves and the grain size that could detect influence of entrance, twilight, and dark 
zones.  Caves on Fort Hood typically have small entrances and small diameter passage, 
so the influence of light does not extend very far into the cave, requiring more frequent 
sampling intervals to insure that all zones of possible use by RIFA and the cave 
invertebrates are surveyed.  In-cave sampling stations were placed on the floor of the 
passage, marked with a plastic tent stake or zip tie, and offset to one randomly selected 
side to minimize disturbance by passing researchers.  In vertical passages, stations 
were placed on the nearest convenient ledge. To limit subjectivity in station placement, 
the vertical passage stations were established by selecting a random major compass 
bearing (using a random numbers table: N, S, E, W) and then searching for a ledge 
within 0.3 m of that position.  Failing that, the next random compass point was selected, 
and the process repeated until a suitable ledge was found.  Sampling stations inside 
each cave are shown in Figure 3 and Figures 20 through 26. 
 
Descriptive measures of study sites 
 
Parameters that were measured on a one-time basis at each of the 25 surface grid 
points at each of the six caves include ground cover, canopy cover and depth to 
impenetrable horizon.  At the ten in-cave sampling stations and nine intermediate 
stations light intensity was measured. 
 
Ground cover class (e.g., bare soil, rock, woody plants, grass, dead wood, leaf litter) was 
tallied in 0.5 m2 quadrats (0.701 x 0.701 m, Figure 4 a.) by quantifying substrate in digital 
images.  A digital photo was taken with Nikon Coolpix ® digital camera set on "basic" 
(640 x 480 pixels) to take a picture of ground cover centered over the plastic quadrat 
that was laid over the grid point.  An array of 10 x 10 sample points was then overlaid on 
the digital photo, with the array stretched and distorted to account for the perspective 
view of the digital image by aligning the array with the quadrat visible in the image.  The 
nature of the substrate was tallied for each point on the image to determine percent of 
the various cover classes (Figure 4 b-d). 
 
Canopy Cover was estimated in a similar fashion to ground cover.  The area of the 
canopy sampled reflects the field of view of t a Nikon Coolpix ® digital camera set on 
"basic" (640 x 480 pixels) and at the wide-angle setting, the researcher also took a 
picture looking straight up at the canopy/sky.  This picture, taken at chest height, 
provided an estimate of canopy cover.  A square array of points, extending to both 
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edges of the short dimension of the image was overlaid on the image, for a total of 100 
points arranged in a 10 x 10 matrix.  The ends on the long axis of the image were not 
included in the analysis (Figure 5).  Each point on an image is scored only as open or 
canopy.  Four images were recorded for each grid point – each with the researcher 
standing at the grid point and facing a different compass point for each image.  The 
average score of the four images will constitute the estimate of percent canopy cover for 
the grid point.  Canopy cover is important in explaining seasonal variations in RIFA 
foraging activity (e.g., Fleetwood et al. 1984). 
 
As a measure of soil depth, depth to impenetrable horizon was determined at each grid 
point using a tile probe, with penetration measured with a ruler. 
 
At the in-cave stations a light meter was used to determine the percentage of entrance 
light (Lux) reaching that station.  These data were collected on a sunny, cloudless day.  
Using an Extech brand light meter, accurate to 5%, readings were taken down to 1 Lux.  
Beyond the twilight zone dimmer light was still visible beyond the capacity of the meter.  
Therefore, when a secchi disk held at arms length by a dark-acclimated (5+ minutes in-
cave dark) researcher was not visible, the station was recorded as 0 Lux, while stations 
for which the disk was visible but there was less than one Lux was recorded as <1 Lux.   
 
In-cave temperatures and humidities were measured at various seasons according to 
methods outlined in Chapter 2. 
 
General climatic data 
 
At each of the caves, temperature and relative humidity were recorded using data 
loggers at one or two locations within the cave.  In addition, one datalogger was placed 
on the surface near Streak Cave.  During 2002 the OnSet Hobo® data loggers were 
programmed to record at ten minute intervals and downloaded during bimonthly site 
visits.  After February of 2003 the intervals were set for one hour, with downloading at 
longer intervals in hopes of continued data collection beyond the end date of this study.  
Given ideal circumstances, the data loggers have a temperature accuracy of +/- 0.4 ºC 
and a humidity accuracy of +/- 3% RH (at humidities less than 95% RH).  The accuracy 
of in-cave humidity readings are most likely somewhat compromised, however, because 
of sensor failure during repeated saturation, drift up to 3% RH when average humidity is 
above 70%, and in general a lower accuracy (+/- 4% RH) in condensing environments. 
 
Results 
 
Descriptive measures of study sites 
 
Distribution of ground cover types was used to characterize the vegetation at the six 
caves.  Ground cover was sub-sampled at each of the cave sites twenty five times in a 
30 m by 30 m square centered on the cave entrance.  Ground cover types were 
categorized as (1) Non-woody (primarily herbaceous plants and grasses, as well as a 
small proportion of cacti) (2) Woody material (3) Soil (4) Rock (5) Leaflitter (6) Other 
(including gates covering cave entrances, berries, and unidentifiable material.  Cave site 
had a significant effect on ground cover type (Table 3, One-way MANOVA, F 5,140 = 
284.332, p = 0.000).  The univariate F-tests associated with MANOVA should be 
interpreted with caution because the 25 subsamples are not independent.  They do, 
however, suggest differences among the each of the ground cover types except for the 
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category ‘other’ among the six caves.  Percentages of different ground cover types at 
each cave are graphed in Figure 6. 
 
Using the percent canopy cover measurements made at 25 locations in a 30 m square 
centered on the cave at each site, we analyzed the differences among sites.  The 
percent canopy cover differed significantly among the cave sites (One-way ANOVA, 
F5,144 = 39.994, p<0.0001; Figure 7).  Percent canopy cover means for Big Red and 
Mixmaster were not significantly different (post hoc pairwise comparisons, Bonferroni 
adjustment, P=0.000).  Streak, Talking Crows, Lucky Rock, Figure 8 were not 
significantly different when the following comparisons were made:  Figure 8 vs. Lucky 
Rock (p=1.000), Figure 8 vs. Streak (p=0.111), Figure 8 vs. Talking Crow (p=1.000), 
Lucky Rock vs. Streak (p=0.160), Lucky Rock vs. Talking Crows (p=1.000), Streak vs. 
Talking Crows (p=1.000).  Mixmaster and Big Red, however, significantly differed from 
Streak, Talking Crows, Lucky Rock, and Figure 8 (p=0.000 for all eight comparisons).  
These results should be interpreted cautiously, because the 25 surface stations around 
each cave are actually subsamples since they are not independent of one another.  The 
results do show a real variation that existed above each cave, but the ANOVA and 
standard error bars are actually not correct since this assumption of independence was 
violated.  Based on these results, the caves were categorized into the following two 
levels of canopy cover:  High (Streak, Talking Crows, Lucky Rock, Figure 8) and Low 
(Mixmaster and Big Red).  These levels of canopy cover may reflect the level of 
disturbance at each site. 
 
Depth to impenetrable horizon varied from 0 to 24.4 cm.  While differences between 
mean soil depths at the six caves were detected (Table 4, Figure 8) and the two caves 
with the shallowest soils are the same caves with relatively high numbers of in-cave ant 
observations (Big Red and Mixmaster caves).  Thicker soils may be associated with a 
more well developed leaf litter layer, which would be associated with more dense 
canopy.  When depth to impenetrable horizon is plotted against canopy cover (excluding 
station at cave entrance) for all six caves, such a trend is apparent (Figure 9) (n=144, 
r2=0.2324, p<0.0001). 
 
Light levels generally dropped off dramatically within 4 meters of the entrance (Figure 
10), and no light was detectable at distances exceeding 16 meters. 
 
General climatic data 
 
Temperature/humidity data loggers were placed in all six caves at their deepest point.  
At Big Red and Figure 8 caves an additional data logger was placed closer to the cave 
entrance.  A single logger was placed above ground in a wooded area near the entrance 
to Streak Cave (located centrally with respect to the other caves).  In-cave humidity 
readings from the data logger were of little value because the range of humidities found 
in the caves was generally higher (>95%) than the operating range of the data loggers.  
The temperature logging was not plagued with this problem, but there were serious 
problems with downloading data.  The Hobo logging software was unable to deal with 
the power saving features of laptops, which cause the serial port to shut down when 
there is no activity.  This resulted in considerable data loss.  In spite of these 
shortcomings, some data are available (e.g., Figures 11 -13).  These data clearly show 
how the relatively large daily temperature fluctuations recorded above ground (Figure 
11) are greatly moderated in the below ground environment.  Closer to the entrance of 
Big Red Cave (at the base of the entrance pit), it is evident that there is some daily 
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fluctuations in temperature (Figure 12), while the deep logger at the very back of the 
same cave recorded virtually no change in temperature on a daily basis (Figure 13).  
 
The shortfalls of the Hobo datalogger data above are partially ameliorated by a good 
complete set of data at each cave  for relative humidity (Figures 14, 17), air temperature 
(Figures 15, 18) and 2 cm soil temperature (Figures 16, 19) at each bait station during 
each sample period.  Several trends are apparent from these data: 1) air temperatures 
become relatively stable once the depth exceeds 6 to 8 meters below the surface; 2) in 
Miximaster Cave, where the passage is relatively close to the surface and there is little 
canopy cover above ground, distance into cave had very little effect on temperature 
stability; 3) Soil temperatures and air temperatures were relatively comparable, 4) 
humidity tended to remain high and relatively constant at depths greater than 4 meters 
below the surface, and distances greater than 10 meters from the cave entrance. 
 
Discussion 
 
Descriptive measures of study sites 
 
The canopy and ground cover data appear to reflect on our assignment of the six caves 
to categories of more and less disturbance.  Initially, our choice of caves was partially 
based on having three sites in areas that generally have more ecological disturbance 
(Training Areas 2 and 3) and three sites in areas that generally have less disturbance 
(Training Area 6A), based on our observations in the field.  The results of the canopy 
cover analysis, however, shows that only two of the three caves in the higher 
disturbance region (Big Red and Mixmaster) have significantly less canopy than the 
other four.  While a lack of canopy cover may not be directly correlated with disturbance, 
fire ants – typically associated with disturbed areas – are more prevalent in open areas 
than in forested areas at Fort Hood (Taylor et al. 2003).  Thus, at least based on canopy 
cover, the three caves in Training Area 6A (Figure 8, Talking Crows, Lucky Rock) fall 
into the category of less disturbance (though we found RIFA in moderate numbers at 
Talking Crows Cave), the two caves in Training Area 2 have more disturbance (Big Red 
and Mixmaster). The remaining cave in Training Area 3 (Streak) does not easily align 
with either group based on canopy cover, possibly being intermediate in level of 
disturbance.  The ground cover and depth to impenetrable horizon analyses show trends 
corresponding with the amount of canopy cover.  It appears, then, that canopy cover, 
ground cover, and soil depth are not independent of one another. 
 
Light meter and Hobo data logger temperature data showed expected variation, but 
Hobo humidity data was largely useless because of the high humidities in the caves.  
 
The descriptive data presented in this chapter are important because they serve as a 
baseline for comparison when land-use changes are being considered.  By establishing 
the range of conditions, from cave interior to surface vegetation, that these species 
prefer and/or tolerate, managers can assess the impacts of proposed changes.  For 
example, potential development of roads or spread of fires could change a once wooded 
area into a field or scrubland.  If a cave with rare species is in that area, the changes to 
the cave interior could be predicted based on comparisons to other caves that are in 
open fields or scrub.  In that case if the cave conditions fall outside of the ideal range, 
options for restoring it, or mitigating it, can be considered.  Possible re-vegetation or 
alteration of the entrance configuration could bring the cave conditions back to the 
previously observed (i.e., this study) ranges for various environmental parameters. 
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We know that cave fauna are delicate organisms adapted to a narrow range of 
temperatures and humidities, and the data presented in this chapter are an important 
baseline for understanding their basic requirements.  Parameters that we measured are 
factors that could change from altering land use, and may affect the interior condition of 
a cave.  These possible changes include altering the surface soil and vegetation above 
the cave, the installation of a gate, the alteration of an entrance due to subsidence or 
runoff, and the alteration of the surface topography to change the depth of passages.  
Also visitation by trogloxenes or exotic species could be changed as a result of new land 
use above the cave.  
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Table 1. Karst dependent and other species of special concern, from Reddell (2001). 
Class Crustacea 
Order Amphipoda 
Family Crangonyctidae 
Stygobromus bifurcatus (Holsinger) 
Stygobromus russelli (Holsinger) 
Order Isopoda 
Family Asellidae 
Caecidotea reddelli (Steeves) 
Class Arachnida 
Order Araneae 
Family Dictynidae 
Cicurina (Cicurella) caliga Cokendolpher and Reddell 
Cicurina (Cicurella) coryelli Gertsch 
Cicurina (Cicurella) hoodensis Cokendolpher and Reddell 
Cicurina (Cicurella) mixmaster Cokendolpher and Reddell 
Family Leptonetidae 
Neoleptoneta new species 1 
Neoleptoneta paraconcinna Cokendolpher and Reddell 
Order Pseudoscorpionida 
Family Chthoniidae 
Tartarocreagris hoodensis Muchmore 
Order Opiliones 
Family Phalangodidae 
Texella new species 
Class Diplopoda 
Order Polydesmida 
Family Fuhrmannodesmidae 
Speodesmus new species 
Class Entognatha 
Order Collembola 
Family Entomobryidae 
Lepidocyrtus dubius Christiansen and Bellinger 
Class Insecta 
Order Thysanura 
Family Nicoletiidae 
Texoreddellia ?new species 
Order Coleoptera 
Family Carabidae 
Rhadine reyesi Reddell and Cokendolpher 
Family Staphylinidae 
Batrisodes (Babnormodes) new species 
Batrisodes (Babnormodes) feminiclypeus Chandler and Reddell 
Batrisodes (Babnormodes) gravesi Chandler and Reddell 
Batrisodes (Babnormodes) wartoni Chandler and Reddell 
Class Amphibia 
Order Urodela 
Family Plethodontidae 
Plethodon new species 
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Table 2. Length, depth, and location of caves selected for sampling. Adapted from 
Reddell (2001). 
 
Cave          Cave 
Cave       Training Area  Length (ft)    Depth (ft) 
 
Big Red Cave 2 353.00 63.20 
Mixmaster Cave 2 1020.85 35.00 
Figure 8 Cave 6A 95.90 41.00 
Streak Cave 3 202.90 30.90 
Talking Crows Cave 6A 68.20 19.30 
Lucky Rock Cave 6A 98.00 48.00 
 
 
 
 
 
Table 3.  MANOVA analysis of the effect of cave site on the percent of ground cover. 
 
 
Univariate F-tests 
Source SS d.f. MS F-statitisc P-value 
Rock         6827.627 1 6827.627 34.993 0.000 
Error 28096.560 144 195.115   
Woody        18548.160 1 18548.160 189.572 0.000 
Error 14089.280 144 97.842   
Non-woody     178399.527 1 178399.527 243.135 0.000 
Error 105659.680 144 733.745   
Soil         13632.667 1 13632.667 62.939 0.000 
Error 31190.800 144 216.603   
Leaflitter   195842.667 1 195842.667 373.169 0.000 
Error 75572.640 144 524.810   
Other        556.807 1 556.807 3.815 0.053 
Error 21019.200 144 145.967   
  
Multivariate Test Statistics 
Statistic Value F-Statistic d.f. P-value 
Wilks' Lambda 0.000 2037819.474 6, 139 0.000 
Pillai Trace 1.000 2037819.474 6, 139 0.000 
Hotelling-Lawley Trace 87963.431 2037819.474 6, 139 0.000 
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Table 4.  One-way ANOVA examining soil depth (depth to impenetrable horizon) 
differences between caves.  Analysis conducted using the SAS procedure GLM (general 
linear models) with post hoc Duncans multiple comparisons. 
 
 
                                        Sum of 
Source                      DF         Squares     Mean Square    F Value    Pr > F 
Model                        5      672.931181      134.586236       8.99    <.0001 
Error                      138     2066.928750       14.977745 
Corrected Total            143     2739.859931 
 
R-Square     Coeff Var      Root MSE    depth Mean 
0.245608      60.95327      3.870109      6.349306 
 
Source                      DF       Type I SS     Mean Square    F Value    Pr > F 
cave                         5     672.9311806     134.5862361       8.99    <.0001 
 
Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
cave                         5     672.9311806     134.5862361       8.99    <.0001 
 
 
Duncan's Multiple Range Test for depth 
Alpha                        0.05 
Error Degrees of Freedom      138 
Error Mean Square        14.97774 
Number of Means          2          3          4          5          6 
Critical Range       2.209      2.325      2.402      2.459      2.503 
 
 
Means with the same letter are not significantly different. 
 
Duncan 
Grouping        Mean      N    cave 
 
     A         8.842     24    Lucky Rock 
     A 
     A         8.346     24    Figure 8 Cave 
     A 
B    A         7.608     24    Talking Crows Cave 
B 
B    C         5.771     24    Streak Cave 
     C 
     C         4.896     24    Big Red Cave 
 
     D         2.633     24    Mixmaster Cave 
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Figure 2.  Fort Hood, Texas, with training areas shown.  Study sites are in training areas 
2, 3, and 6 on the eastern side of the base. 
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Figure 3: Example of a field plot showing surface sample point grid (blue) and in-cave 
sample transect (red), and location of data loggers.  Numbers and letters indicate 
sample point numbering system. 
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a.      b. 
  
c.      d. 
 
Figure 4.  Quantifying ground cover at Big Red Cave, station E1.  a. Ground cover 
quadrat photo at Big Red Cave, imported into Photoshop.  b. The same image with a 
grid overlaid.  There are 100 intersections in the grid (edges are not counted), which has 
been distorted in Photoshop to account for the perspective view of the image.  c.  
Colored dots, corresponding to different cover classes (grass, bedrock, etc.) are added 
to a third layer in the Photoshop image file.  d. All layers except the colored dots 
(representing ground cover classes) have been turned off in Photoshop, and the dots 
are counted, by color, to give an estimate of percent ground cover for each cover class. 
 20
 
 
 
 
 
 
 
 
 
 
 
  
a.      b. 
  
c.      d. 
 
Figure 5. Quantifying canopy cover at Big Red Cave, station B1.  a. The digital image 
was imported into Photoshop. b. An array of 100 dots is placed on another layer in 
Photoshop.  Note the small red dots in the corners that facilitate alignment of the new 
layer, so that sampling is always done in the center of the image. c. the dots centered 
over canopy are marked on a third layer in Photoshop. d. the original image is turned off 
in Photoshop, and the number of marked dots is tallied to estimate percent canopy 
cover. 
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Figure 6.   Average percent ground cover at each cave, estimated from ground cover 
quadrat photographs at 25 stations. 
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Figure 7.  The percent of canopy cover at the six cave sites.  Canopy cover differed       
significantly among the cave sites (One-way ANOVA, F5,144 = 39.99,  p<0.0001).  Caves 
with same letter above them did not differ in post hoc multiple comparisons. 
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Figure 8.  Mean depth to impenetrable horizon based on measurements of soil depth at 
24 surface stations.  There were differences among caves in the average depth to 
impenetrable horizon (F5,138=8.99, p<0.0001).  Caves with the same letter in the bar did 
not differ in pos hoc Duncans multiple comparisons.  Error bar is standard deviation. 
 
 
Figure 9.  Correlation between depth to impenetrable horizon and canopy cover in 
surface plots at the six caves (excluding entrance (center station, C3).  Best fit line, y = 
0.0576x + 3.4986, shows relationship between the variables (n=144, r2 = 0.2324, 
p<0.0001). 
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Figure 10.  Percent of entrance light (lux) at increasing distances into three of the study 
caves. 
 
 
 
 
Figure 11.  Sample data (11 June through 7 August 2002) from Hobo ® data logger in on 
surface near Streak Cave, show daily fluctuations in surface temperatures.  Data logger 
is located in a forested area. 
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Figure 12.  Sample data from Hobo ® data logger in Big Red Cave.  Two data loggers 
are in the cave, this is the shallow one, at the base of the entrance pit (see map, Figure 
20) 
 
 
 
 
 
 
 
Figure 13.  Sample data (11 June through 7 August 2002) from Hobo ® data logger r in 
in Big Red Cave.  Two data loggers are in the cave, this is the deep one, at the base of 
the entrance pit (see map, Figure 20).  Temperature fluctuation seen here is only drift in 
the calibration of the data logger, 0.1 ºC is beyond the resolution of the device (the data 
loggers have a temperature accuracy of +/- 0.4 ºC). 
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Figure 14.  Effect of distance into cave (m) on the seasonal variation of relative humidity 
(%) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) Lucky Rock, and 
(F) Streak Caves (N = 6).   
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Figure 15.  Effect of distance into cave (m) on the seasonal variation of air temperature 
(˚C) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) Lucky Rock, and 
(F) Streak Caves (N = 6).   
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Figure 16.  Effect of distance into cave (m) on the seasonal variation of soil temperature 
(˚C) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) Lucky Rock, and 
(F) Streak Caves (N = 6).  
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Figure 17.  Effect of depth below surface (m) on the seasonal variation of relative 
humidity (%) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) Lucky 
Rock, and (F) Streak Caves (N = 6).   
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Figure 18.  Effect of depth below surface (m) on the seasonal variation of air 
temperature (ºC) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) 
Lucky Rock, and (F) Streak Caves (N = 6).   
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Figure 19.  Effect of depth below surface (m) on the seasonal variation of soil 
temperature (ºC) for (A) Big Red, (B) Mixmaster, (C) Talking Crows, (D) Figure 8 (E) 
Lucky Rock, and (F) Streak Caves (N = 6).   
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Figure 20.  Profile map of Big Red Cave showing sampling stations and dataloggers.   
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Figure 21. Plan view of Figure 8 Cave, showing in-cave sample transect sampling points 
and location of shallow data logger.  Modified from M. Warton’s map. 
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Figure 22.  Profile view of Figure 8 Cave, showing in-cave sample transect sampling 
points and location of deep and shallow data loggers.  Modified from M. Warton’s map. 
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Figure 23. Plan and profile views of Lucky Rock Cave, showing in-cave sample transect 
sampling points and location of data logger.  Modified from M. Warton’s map. 
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Figure 24. Plan and profile views of Mixmaster Cave, showing in-cave sample transect 
sampling points and location of data logger.  Modified from M. Warton’s map. 
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Figure 25. Plan and profile views of Streak Cave, showing in-cave sample transect 
sampling points and location of data logger.  Modified from M. Warton’s map. 
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Figure 26.  Plan and profile views of Talking Crows Cave, showing in-cave sample 
transect sampling points and location of data logger.  Modified from M. Warton’s map. 
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II. In-cave studies of Solenopsis invicta and karst invertebrates  
 
 
Here we examine the foraging intensity of RIFA in caves, and how that relates to the 
distribution and abundance of species of concern.  Many of the results presented here 
relate to the question: To what extent do RIFA enter and forage in caves?  In order to 
measure foraging, bait trapping techniques that had previously been used only on the 
surface were employed underground.  We also used quadrat searches, and these were 
supplemented with visual observations to record ants that were outside of quadrats.  
These data were collected along with a variety of environmental parameters that may 
help describe why the RIFA occur in some places and not others.  The data were 
analyzed in relation to the distribution and abundance of species of concern so that taxa, 
or areas, which are most at risk can be identified in order to prioritize conservation 
efforts. 
 
In order to answer the primary question (to what extend to RIFA enter and forage in 
caves?), several other questions were identified. These include: 
 
• What is the foraging intensity of RIFA in caves? 
• What is the taxon richness in caves where RIFA occur vs. caves where RIFA do 
not occur? 
• What is the abundance and dominance of species of concern vs. RIFA? 
• Is there seasonality to the species of concern or the RIFA? 
• How does depth and distance into caves effect distribution of species of concern 
and RIFA? 
• What is the humidity and temperature at locations where species of concern and 
RIFA occur? 
• What is the effect of soil temperature on worker size or hypogean vs. epigean 
RIFA? 
• On what substrate do species of concern and RIFA occur? 
• What is the effect of cave on taxon diversity? 
 
Methods 
 
RIFA foraging intensity was measured below ground in relation to abiotic and biotic 
parameters at each study site on a bi-monthly basis for one year.  This involved 
measuring RIFA foraging intensity, humidity, air temperature and soil temperature along 
with cavernicole diversity, abundance, and microhabitat at all in-cave stations.  The 
order of in-cave sampling is important because of the secretive nature of the 
cavernicoles.  The details of these methods are described below.  In order to interpret all 
of these variables together, a multivariate statistical method, correspondence analysis, 
was used, and these statistical methods are described below. 
 
RIFA foraging intensity was measured at all underground sampling stations using timed 
bait trapping, similar to methods used by Porter et al. (1992) and Porter and Tschinkel 
(1987), and in a manner nearly identical to the methods used in surface baiting in our 
study, described later in this report.  Bait traps consist of 15 ml polystyrene centrifuge 
tubes placed on the ground (Figure 28) with a 15x15 cm square of cardboard placed 
over them so that the conditions would be similar to the traps used on the surface 
(where shading protected traps from excessive heat).  Traps were placed adjacent to in-
 39
cave stations, which were marked with plastic tent stakes or plastic zip-ties, depending 
on the nature of the passage.  Traps were baited with Vienna Sausage, sliced into ~0.5 
cm thick disks, which are cut into four equal quarters, in a manner similar to that used by 
Porter et al. (1992).  Bait traps were left in place for 20 minutes, the time interval utilized 
by Porter et al. (1992).  Porter and Tschinkel (1987) used a 30 minute sampling period, 
but we were concerned that longer time periods could recruit larger numbers of ants into 
caves.  After the 20 minute sample period, collected traps were immediately capped.  
Upon return to our field vehicle, samples were fixed in 70% ethanol for transport back to 
the laboratory.  Ants from each trap were later brought to the lab, identified as native or 
RIFA, and counted as a measure of foraging intensity.  Porter and Tschinkel (1987) 
discuss several limitations of this type of baiting, including 1) concentrated and attractive 
bait may not be representative of natural foraging; 2) shading traps biases sampling 
towards foraging intensity away from direct sunlight; 3) temperature is thought to 
influence recruitment rates, so the sampling period is not independent of temperature; 4) 
available surface area of the bait, and the size of the tube, limit the number of foraging 
ants when large numbers of ants are present.  Despite the above relatively minor 
concerns, this sampling method has been widely and successfully used (Bestelmeyer et 
al. 2000). 
 
Soil temperature was measured at each in-cave sampling station using a CheckTemp ® 
model digital temperature probe inserted to two centimeters depth, or less if the 
substrate was impenetrable.  Two centimeter soil temperature has been shown to be 
correlated with RIFA activity (Porter and Tschinkel 1987). 
 
Soil temperature is correlated with worker size (Porter and Tschinkel 1987), and we 
tested the effect of epigean and hypogean soil temperatures on worker size to further 
characterize the RIFA that enter and forage in caves.  To compare worker sizes, we 
used ants from the in-cave 5 bait traps that captured RIFA in caves.  Thirty RIFA from 
each of the five traps were randomly selected and head width measured using the 
methods outlined by Porter (1983) to determine worker size for these in-cave (epigean) 
samples.  One in-cave bait trap (at Big Red on October 9, 2002) only contained 7 RIFA 
(of which only the five ants that had measurable and intact heads).  For this sample, only 
the five intact ants were used to estimate worker size.  At Big Red on August 10, 2002, 
the heads of two RIFA subsamples were damaged and excluded from the analysis, the 
remaining 28 RIFA used to estimate the mean for the sample.  From each of these traps, 
a random sub-sample of 30 RIFA was selected to determine the mean worker size from 
bait traps containing at least 30 ants.  We used a paired sampling scheme, and 
randomly selected 5 traps from the surface on dates and cave locations where 
temperatures where high, ranging from 27-35˚ C. Worker head widths were converted to 
dry weight (W, mg) using the formula developed by Porter and Tschinkel (1985):  W = 
0.933 HW2.98.  A non-parametric Wilcoxon test was used to determine whether soil 
temperatures and dry weights differed significantly between surface and in-cave RIFA 
samples. 
 
Percent relative humidity was measured at in-cave stations using a Psychro-Dyne ® 
portable battery-operated psychrometer with wet bulb and dry bulb readings and an 
electric fan.  To convert these readings to percent humidity, the station pressure at sea 
level was retrieved from the Fort Hood hourly weather records (taken at 31º04’ N and 
97º 50’ W and an elevation of 1015 m)  for each sampling time and date.  Station 
pressure and dry/wet bulb temperatures were used to calculate the relative humidity 
(Rosenburg et al. 1990, Tetons 1930, USWCL 2003) at each station using the formula 
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given in Appendix 1.  The psychrometer was used for in-cave stations because it has 
excellent accuracy (+/- 1% RH and +/- 0.3 ºF) over the full scale of humidity and 
temperature commonly found in caves.  Air temperature in caves was measured with the 
dry bulb on the psychrometer.  A gradient was observed for air/soil temperatures and 
relative humidity with increasing distance into the cave.  Based on this pattern, we 
assumed that values for soil/air temperature and relative humidity at intermediate 
stations (in between stations 4 m apart) were equal to the mean of their two neighboring 
stations. 
 
Cavernicole diversity, distribution, abundance, and microhabitat use was measured at 
each in-cave station and at intermediate (2 m distance) stations, for a total of up to 19 
stations depending on the cave length (10 marked stations and 9 intermediate stations, 
see Figures 3, 20-26).  The cave fauna census was performed using a plastic (PVC 
pipe) quadrat (0.1 m2, [0.316 x 0.316 m]) placed on the floor, each wall, and the ceiling 
(or for vertical passage, the four major compass points - N, S, E, W - were utilized) and 
the animals in each quadrat (including those observed moving out of the quadrat area as 
it is being placed) were quickly tallied by most specific convenient taxon (Figure 29).  
The sex (female, male, undetermined) and age class (small nymph, medium nymph, 
large nymph, and adult) were noted for cave crickets.  Anecdotal data on other 
invertebrates observed between quadrat stations were noted as time allowed, 
particularly when RIFA or species of concern were present beyond quadrat boundaries.  
Microhabitat availability and use was measured by visually estimating percentage of 
available substrate in each quadrat and recording what substrates each organism was 
found on.  Classifications of microhabitat included clay, soil, guano, leaflitter/ leaves, 
vegetation (fern, moss, tree, root), sticks/ bark, rocks/ stones, bedrock and speleothems 
(flowstone /bedrock/ popcorn/ concrete/ limestone/ calcite) water (water surface/ pool), 
or trash, and also included qualifiers for moisture, compaction, and embeddedness.  The 
definitions of the qualifiers for moisture are: wet (glistening, with a reflective sheen of 
water or drips present), normal (cave normal = slightly moist such that a dry paper towel 
pressed against the substrate would absorb some moisture), or dry (dusty dry).  
Qualifiers for embeddedness are: embedded (stuck in soil so that there is no available 
habitat below object like rock or gravel) and loose (easily picked up with habitat available 
underneath).  Qualifiers for compaction are: loose (soil/ clay/ guano loose enough to be 
easily be moved, spaces exist where organisms might be found) and compacted (soil/ 
clay/ guano compressed or dense, not easily moved, no obvious spaces where 
organisms might be found). The position of each taxon relative to the substrate was 
classified as: on, in, under, or other.   
 
The order of events during the in-cave survey was important because cave fauna, 
especially predators and cave crickets, tend to be secretive and move away from light 
(Campbell 1976) and human activity.  Thus, the quadrat-based cave fauna census was 
conducted prior to the in-cave RIFA bait trapping, with the procedure as follows: 1. 
Starting at the entrance, one researcher with the 0.1 m2 quadrat begins into the cave, 
calling out census data to the second person, following close behind, who records those 
data; 2. Upon completing the last station (farthest into the cave), one of the researchers 
proceeds out of the cave, placing bait stations and measuring soil temperature at each 
station; 3. After 20 minutes, the second researcher comes out of the cave, collecting bait 
traps and recording wet and dry bulb temperatures at the stations along the way.   
 
Correspondence analysis methods 
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Correspondence analysis is a technique used to display categorical data in a scatter 
plot, and has been fused to relate species and their habitat.  In particular it is useful for 
summarizing large datasets with many variables into a low dimensional space, while 
conserving as much of the original information as possible.  This technique extracts 
dimensions that account for the greatest proportion of the chi-square for association 
between categories of row and column variables.  The coordinates of the first two 
dimensions are plotted, such that points that are positioned close to each other imply 
similarities in distributions.  Subsequent examination of the scatter plots illuminates 
trends of environmental variables that are associated with each species, and identifies 
groups of species with similar ecological niches. 
 
Correspondence analysis was chosen over other multivariate data analysis techniques 
because of its suitability in describing the underlying structure of qualitative or 
categorical variables.  Although much of our initial data was collected as continuous 
quantitative variables (e.g., soil temperature, humidity) some of our variables were 
qualitative (e.g., moist, normal, dry soil as judged by visual inspection) and some were 
categorical (e.g., ceiling, floor), therefore we could not use other multivariate methods 
such as factor analysis, principal components, and discriminant analysis which require 
quantitative or numerical data. Canonical correspondence analysis is another popular 
technique for ecological studies (Ter Braak 1986, Palmer 1993), although 
correspondence analysis has also been used effectively for analyzing ecological data 
(Wang et al. 2003, Bojórquez-Tapia et al. 1995, Mermillod-Blondon et al. 2000, 
Greenacre and Vrba 1984).  We chose correspondence analysis because our habitat 
parameters consist of both continuous data (such as temperature, humidity, distance 
from cave entrance) and categorical data (such as substrate an organism occurs on and 
cave an organism occurs within), a combination that cannot be analyzed simultaneously 
in canonical correspondence analysis. 
 
The goal of the correspondence analysis is to uncover cave conditions that explain the 
presence of certain species. Thus, it allows us to identify and graphically display 
relationships between taxa and factors important in explaining their distribution and 
abundance. To do this, we performed five correspondence analyses, starting each one 
with a data matrix consisting of the same 18 species as rows and between 6 and18 
different categories of habitat (e.g., temperature, humidity, substrate, depth & distance, 
season) as columns.  The 18 species selected were those whose frequencies and were 
large enough for the results to be meaningful. Species with frequency less than 10 were 
excluded from the analysis. The list of species that were included along with their 
frequencies is given in Table 13.  The five different analyses correspond to different 
groupings of cave conditions.  In the first analysis, soil temperature, moisture, relative 
humidity, and air temperature, which describe the air and soil conditions inside the cave, 
were compared to species density. In the second analysis, variables that describe the 
surface that the creatures were found on (ceiling, floor, or walls, and type of substrate) 
were compared. In the third analysis, the different caves in the study were compared, 
while the fourth analysis looks at the creature’s locations within a cave as described by 
the depth and distance. The fifth analysis investigates the effect of time as described by 
the month during which the creatures were present.  Details of the row and column 
variables, including choice of parameters and division of those parameters, are 
discussed in the results section.  All of the analyses used the CORRESP procedure in 
SAS (SAS Institute 2001). 
 
Results 
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RIFA foraging intensity in caves 
 
RIFA foraging intensity in caves was very low as measured by bait trapping.  A total of 
only 5 traps captured RIFA in caves, and of those, 4 of them were at the entrance station 
which was placed at a location just inside (0 – 0.3 m) the entrance to the cave.  Other 
methods for detecting RIFA in caves included quadrat sampling and visual searching. 
 
Of the three methods we used to detect RIFA in caves, bait trapping captured the largest 
number of individuals, but only at entrance stations. This method is ineffective for 
surveyin in-cave foraging by RIFA (compare Tables 5 and 6).  Quadrat sampling was 
fairly good at detecting RIFA (Figure 27), and excellent for quantifying RIFA in relation to 
cave species of concern (Table 6).  Visual censusing outside of quadrats yielded 
additional data on t observations farther into the cave and the highest number of RIFA at 
these remote areas and is, therefore, useful for detecting RIFA in caves (Table 7).   
 
Originally we posed questions that detailed the extent, seasonality, and variation that 
RIFA forage in caves, and suggested that the questions could be answered using data 
on foraging intensity gathered from bait trapping.  However, after finding our trapping 
method was inadequate for detecting RIFA in caves, we incorporated data from the 
other two methods into our analyses.  The remainder of this chapter answers the same 
questions using RIFA data from the two successful detection methods, quadrat sampling 
and supplemental visual searching.  In the interest of being thorough, however, 
Appendix 2 outlines the initial questions as they were worded in the proposal and 
answers them using only bait trap data, as suggested in the proposal. 
 
Richness of in-cave taxa  
 
Taxon richness, the total number of different taxa seen in each cave, was totaled from all 
of the in-cave quadrat data, and ranged from 37 (Big Red Cave) to 49 (Streak Cave) 
unique taxa per cave (Figure 30).  While these numbers are not meant to serve as a list 
of species known for each cave, they do demonstrate that many different species are 
seen using our methods, and give some indication of how many taxa are commonly 
present. 
  
In some epigean environments, RIFA are known to displace native taxa and decrease 
taxon richness.  Using quadrat data pooled by cave (Figure 31), we found that across 
the six caves, the abundance of RIFA was negatively, but not significantly, associated 
with taxon richness (r2=0.0587, p=0.075).  Possibly a larger sample of caves would have 
given significant results.  Figure 27 shows the number of RIFA found in quadrats in each 
of the caves.  Also, the number of RIFA sampled within quadrats in caves over one year 
is not a good predictor of the taxon richness for a particular cave (y = 45.085 – 0.029x, r2 
= 0.509, p = 0.112) (Table 8). 
 
Another way we examined the taxon richness for each cave was by utilizing the species 
lists for our six caves as given by Reddell (2001) to conduct an Average Linkage Cluster 
Analysis using the SAS procedure CLUSTER (SAS Institute 2001). This examines 
similarity among sites based on taxon presence/ absence data (Appendix 3).  From the 
cluster analysis, we obtained a root-mean-square (RMS) distance between observations 
of 4.517.  The clusters in Figure 32 show no clear pattern associated with RIFA 
abundance data collected in our study.  It appears that Reddell’s (2001) data (Appendix 
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4) instead point toward the likelihood that sampling effort at the six caves is unequal, and 
that there is a need for continued basic inventory of the caves to develop more complete 
faunal lists that would be more suited to this type of analysis. 
 
Abundance and dominance of in-cave taxa 
 
Abundance and dominance were measured using the total number of individuals of each 
taxon seen during the six visits to each of the caves.  For all caves, there were a few 
dominant taxa and many rare taxa (Figure 33).  Dominant taxa were those making up 
greater than 2% of the total taxa counted in a cave.  White springtails (Collembola) were 
the dominant in all six caves and ranged from 66.55 to 40.92 % of all taxa sampled 
(Table 9).  Other dominant taxa included cave crickets, surface springtails, harvestmen 
and RIFA (Table 9).  Among taxa in the lists, RIFA accounted for 11.13%, 2.09%, and 
2.87% of the taxa sampled in Big Red, Mixmaster, and Talking Crows caves, 
respectively.  These caves were also some of the most highly impacted by RIFA on the 
surface, measured by surface bait traps (see Chapter 3).  
 
Seasonality of in-cave taxa 
 
By examining the patterns of numbers of different taxa seen during different seasons, we 
can learn about the life history of the native species and how they may interact with 
RIFA. 
 
The seasonality of the numbers of individuals of selected taxa at Big Red Cave shown in 
Figure 34 demonstrates that some organisms have distinct population peaks, while 
others are fairly uniform throughout the year.  The same pattern is also evident when the 
percent of individuals found at all caves is plotted across the year (Figure 37).  In 
general, the more cave adapted taxa having constant population levels across the year, 
include: Cambala speobia, Speodesmus n. sp. and Batrisodes spp. (Fig CC 6.5 D, F, 
and R, respectively).  Conversely, taxa such as , Lieobunum townsendii, white 
springtails, Helicodiscus snails, Ceuthophilus secretus and RIFA show population peaks 
in June through August (Figure 37 K, J, M, P, and S, respectively). 
 
Unidentified cave crickets, Ceuthophilus spp., were graphed independently to show their 
seasonality in different caves (Figure 35) and their averages, ranges, and standard 
errors for all the caves pooled (Figure 36). The higher numbers of individuals classified 
as Ceuthophilus spp. in the summer (June and August) collections probably reflects an 
increase in numbers of small (and thus difficult to identify) nymphs as a result of 
reproduction by one or both of the Ceuthophilus species.  Fluctuations in numbers of 
cavernicoles may also reflect seasonal changes in conditions (temperature, humidity, 
abundance of prey or predators) that occur in the larger passages that we travel through.  
Conditions in these passages may be more or less appropriate for some taxa at different 
times of year, and thus, during less optimal conditions, some taxa may retreat into 
smaller crevices inaccessible to humans.  Table 10 shows seasonal data for all taxa that 
occurred in quadrats in Big Red Cave and Table 11 shows seasonal numbers for all taxa 
that occurred in quadrats in Mixmaster Cave. 
 
The seasonality of the taxa also was examined using correspondence analysis (Figure 
38).  The plot of the first two dimensions, accounting for over 75% of the variation in the 
data, graphically displays relationships among taxa and seasons (all pooled across the 
six caves), and generally corroborates the results presented above.  The third 
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dimension, not plotted here, accounts for an additional 21.45% of the variation in the 
data.  Species which are abundant in the summer months tend to occur towards the left 
of the plot (towards -1 on the first dimension), while taxa with less pronounced 
seasonality tend to group towards the middle of the plot.  Among those taxa which 
showed a strong association with the warmer months is Solenopsis invicta, however, its 
contribution to the inertia of the axes is relatively small (0.0241).  Three taxa contribute 
to the majority of the intertia in the axes – these include Leiobunum townsendii (0.2282), 
unidentified springtails (0.2085) and surface springtails (0.3048). 
 
Depth and Distance of in-cave taxa 
 
Depth and distance of species observations were measured by depth below the 
entrance and distance into the cave along our transects (see cave maps, Figures 3, 20-
26).  Air temperature, soil temperature, and relative humidity plots for each cave may be 
useful for comparisons (Figures 14-19). 
 
For selected taxa, depths and distances for all in-quadrat occurrences in all caves are 
summarized in Figures 39 and 40.  These data reveal clear patterns and differences 
among taxa.  Cave-limited taxa such as blind Cicurina, Cambala speobia, Speodesmus 
n. sp., Rhadini reyesi, Ceuthophilus cunnicularis, and Batrisodes spp. are generally 
found far from the cave entrance (Figure 39 B, H, I, M, Q, and S, respectively) and 
deeper below the surface of the ground (Figure 40 C, H, I, O, S, and T, respectively).  
The trogloxene Ceuthophilus secretus is found throughout the caves (Figures 30 R, CC9 
R) and the associated guanophilic white springtails are similarly distributed, but tend to 
be 5 - 10 meters from the cave entrance (Figure 39 K) and 2 to 12 meters below the 
surface (Figure 40 J). 
 
Fire ants were notably more abundant nearer to the entrances of the caves (Figure 39 
O) at distances up to 18 m and at depths generally (but not always) less than 7 meters 
(Figure 40 P).  The relationship between season, depth and distance of RIFA use of 
caves was examined separately for Big Red and Mixmaster caves, where the ants were 
more abundant (Figures 41 and 42).  Total number of RIFA for the other caves are 
graphed for each cave in Figure 27. 
 
The effect of depth and distance on species abundance was also examined using 
correspondence analysis (Figure 43).  For this analysis, distances into the cave were 
grouped in 7 m intervals, and depth below surface was grouped in 3.6 m intervals (Table 
12).  The first two dimensions of the correspondence analysis accounted for 70.69% and 
13.84% of the variation in the data, respectively.  Species towards the right side 
(towards +2.5 of dimension 1) in the plot tended to be associated with shallow depths 
and close proximity to the cave entrance.  Shallow/entrance-associated taxa with 
relatively high contributions to the inertia of the axes include Leiobunum townsendii 
(0.3485) and surface springtails (0.2572).  Fire ants also had a modest contribution to 
the inertia of the axes (0.0773).  Species more commonly found deeper in the caves that 
contributed notably to the inertia of the first two dimensions include white springtails 
(0.1139) and, to a lesser extent, Ceuthophilus secretus (0.0978). 
 
Humidity and temperature at locations where in-cave taxa occur 
 
Air temperature, soil temperature and humidity information were gathered at every 
station, so for taxa that were observed frequently we have a great deal of data on their 
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habitat.  Figure 44 shows the air temperature the cave taxa were found at, Figure 45 
shows the 2cm soil temperature, and Figure 46 shows the humidity. These figures each 
display the mean and standard error, actual values and details are in Appendix 5.   
 
Another way we examined the effect of temperature and humidity on taxon abundance 
was to use a correspondence analysis (CA).  In this correspondence analysis, 18 taxa 
that occurred with a frequency greater than ten were graphed according to the air 
temperature, substrate moisture, soil temperature and relative humidity.  Because cave 
taxa are unevenly and non-linearly distributed across the ranges of cave temperature 
and humidity, these continuous variables were divided into categories that each 
encompass an equal number of uniqe taxa (Table 12).  
 
The first axis of the CA accounted for 62.63% of the total variation in the data, the 
second axis accounted for an additional 30.31% of the variation (Figure 47).  Other axes 
accounted for much smaller percentages of the variation (3rd – 4.12%, 4th – 1.37%, 5th – 
0.70%, etc.). Points near the origin have distributions similar to the marginal (or average 
profiles) (Lebart et al. 1984).  The first axis (dimension) of the CA seems to be 
associated a gradient that varies from environmental conditions typical of a cave 
(towards -1 on this axis) to conditions that are typical of the surface environment 
(towards +2).  The second axis may reflect variation from hot, dry conditions (toward -1) 
to cool, moist conditions (toward +2.5).  In particular, S. invicta and, even more so L. 
townsendii, are associated with the highest soil and air temperatures, and the lowest 
humidities and soil moisture levels. Note that in general RIFA occur at hotter and drier 
areas than most of the troglobitic taxa of concern.  A series of environmental variable 
categories more typical of cave conditions are in a tight cluster on the left side of the 
plot, associated with a number of species that are primarily either troglobites or obligate 
trogloxenes (e.g., Speodesumus n. sp., C. speobia(spelling), Cicurina spp., white 
springtails, H. eigenmanni, unidentified centipedes, C. cunnicularis, and C. secretus).  
Although the two cave cricket  (Ceuthophilus) species – which are quite differently 
placed in the location/substrate plot (below) – seemingly have very similar preferences 
with respect to air and soil temperatures and humidity, their contributions to the inertia of 
dimensions 1 and 2 were small (<0.0100).  Surface springtails were associated with 
colder air and soil temperatures than other taxa.  Other spatially proximate taxa, 
unidentified springtails and Meioneta spiders, had relatively small [0.0136 to 0.0002] 
contribution to the inertia of the axes.  Surface springtails have a slight preference for 
Moist soil moisture compared to the other creatures, and the three levels of the soil 
moisture variable (moist, normal, dry) had low relatively low contributions to the inertia 
(chi-square) of the first two dimensions. Note that 90% of the creatures were found in 
normal moisture soil, 9% in dry and only 1% were in moist soil. Soil temperature, relative 
humidity, and air temperature variables all included levels that were major contributors to 
the inertia of these axes (e.g., important contributions to dimension 1 include H1 [0.3767] 
and A5 [0.1428]; to dimension 2 include S1 [0.2781] and A1 [0.2515]). 
 
The effect of soil temperature on worker size: hypogean vs. epigean ants 
 
The location, sampling date, trap station location, total RIFA in trap, soil temperature of 
epigean (surface) and hypogean (in cave) samples of RIFA  with associated means of 
head width (mm) and dry weight (mg) of subsamples are reported (Table 5).  The soil 
temperatures of cave locations (hypogean or epigean) were significantly different (Paired 
t-test, p = 0.004).  Mean ± S.E. soil temperatures at Big Red and Figure 8 were 24.980 ± 
0.949 ˚C at hypogean bait traps (ranging from 22.2 to 27.6 ˚C) and 30.30 ± 1.379 ˚C at 
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epigean bait traps (ranging from 27 to 33.6˚C).  The mean ± S.E. worker head width 
(HW, in mm) of RIFA in-cave was 0.64 ± 0.02 mm and on the surface was 0.73 ± 0.04 
mm.  The mean ± S.E. dry weight of RIFA in-cave was 0.25 ± 0.02 mg and on the 
surface was 0.37 ± 0.07 mg.  The dry weights of RIFA did not significantly differ between 
epigean and hypogean locations (Wilcoxon t-test, T 0, 5 (1), 5 >Crit = 0).  Soil 
temperature (˚C) of pooled epigean and hypogean locations did not significantly predict 
the size of RIFA dry weights (Non-parametric Rank linear regression, TAU:  0.076) 
(Figure 48).  As soil temperature increases, the dry weight of RIFA increases for most of 
the sampled bait traps with the exception of an outlier of ants sampled from the trap at 
the surface station B4 where the mean of the subsamples was the heaviest at 0.63 mg 
(HW = 0.88 mm), which is about twice that of all other samples in this data set, despite 
having a soil temperature of only 27.5˚C. 
 
Substrate where in-cave taxa occur 
 
Substrate data are summarized in Figure 49.  There are so many substrate variables 
that the plot of the first two dimensions of the correspondence analysis (Figure 50) is a 
more intuitive way to examine the data.  In the correspondence analysis (CA), the coding 
of the substrate classifications was simplified (Table 12).  In addition to substrate, the 
orientation of the quadrat was incorporated into this analysis.  Variables describing 
orientation included ceiling, floor, walls of a vertical passage (N/S/E/W) and walls of a 
horizontal passage (L/R). 
 
The first axis of the CA accounted for 61.52% of the total variation in the data, the 
second axis accounted for an additional 25.51% of the variation.  Other axes accounted 
for much smaller percentages of the variation (3rd - 6.96%, 4th - 2.64%, 5th - 1.53%, etc.).  
Data points near the origin of the plot of the first two axes (e.g., Batrisodes spp., 
Meioneta spider) closely followed the marginal distributions (Lebart et al. 1984). 
 
Batrisodies spp. and Meionetta spiders are located near the origin (0,0) in this plot 
because their distributions among the various cave conditions did not deviate much from 
the average or the norm. 
 
The first axis of the CA seems to account for variation associated with a gradient from 
floor-associated environmental variables variables (towards -1) to ceiling associated 
variables (towards +2.5).  The second axis is less clearly associated with any one 
gradient, but may reflect a gradient from vertical passage/near entrance  factors 
(towards -1) to horizontal/far from entrance factors (towards +2).  Ceuthophilus secretus 
is most closely associated with ceiling, C. cunnicularis with walls and 
bedrock/speleothems.  Note that these two species were much more closely associated 
with one another in the plot of environmental factors (soil temperature, air temperature, 
humidity) than in this plot of substrate.  A large number of primarily troglobitic taxa 
(Cambala spelobia, Helicodiscus eigenmanni, Speodesumus n. sp., White Springtails, 
Cicurina spp., Cicurina varians, Centipedes unidentified) are associated with 
environmental variables typical of deep-cave, floor habitats (guano, floor, soil, clay, 
rocks).  Surface springtails, L. townsendii, and S. invicta are generally more associated 
with vertical passage (NSEW), bedrock/speleothems, and leaves – a suite of variable 
typically associated with the cave entrances and entrance pits.  Note that RIFA tend to 
occur with entrance fauna such as harvestmen and surface springtails, while most of the 
taxa of concern occur together on the floor substrates. 
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Discussion 
 
What is the foraging intensity of RIFA in caves?  Using data from our only direct 
measure of foraging intensity, bait trapping, RIFA foraging intensity in caves was very 
low.  A total of only 5 traps captured RIFA in caves, and only one of them was beyond 
the entrance area.  We examined RIFA foraging intensity in cave using quadrat 
searching and supplemental visual searches as a substitute for foraging intensity, and 
reported our findings in the sections on abundance and dominance, seasonality, and 
depth and distance. 
 
What is the taxon richness in caves where RIFA occur vs. caves where RIFA do not 
occur?  Taxon richness varied from 37 to 49 species per cave, and was found that 
across six caves, the abundance of RIFA was negatively, but not significantly, 
associated with taxon richness.  Big Red Cave had the lowest taxon richness and the 
highest abundance of RIFA.  The significance was only slightly over 0.05, and therefore 
it is possible that with a greater sample of caves, significance would be reached.   
 
Some caves may have a higher diversity or abundance of organisms for reasons we did 
not measure such as connectivity with other systems, overall energy entering the cave, 
or historic causes of greater endemicity or abundance at a particular cave.  We looked at 
this by comparing the species lists (Reddell 2001) for each of the caves.  An average 
linkage cluster analysis showed no clear pattern in relation to RIFA abundance data 
collected in our study, but this appears to be confounded by incomplete knowledge 
(partial or uneven sampling) of the cave fauna. 
 
What is the abundance and dominance of species of concern vs. RIFA?  In total, 15,836 
specimens were recorded from in-cave quadrats.  In all caves, there were very few 
dominant taxa (with high abundance) and many rare taxa.  None of the species of 
concern (Table 1) comprised more than 2% of the total abundance, but rather white 
(cave-adapted) and surface springtails and trogloxenes such as cave crickets and 
harvestmen were the dominant taxa.  In addition, at three of the caves (Big Red, 
Mixmaster and Talking Crows), RIFA comprised greater than 2% of the total taxon 
abundance (Table 9), with Big Red Cave having by far the most RIFA detected in 
quadrats (Figure 27).  The pattern that trogloxenes and springtails make the dominant 
taxa is expected because the species of concern are cave-limited predators, which 
makes their numbers inherently low.  It is notable that RIFA are present in such high 
numbers in some caves that they are among the dominant taxa.   
 
The dominance of white springtails in all six caves (Table 9) attests to the important role 
of these often overlooked organisms in the natural functioning of cave ecosystems of 
central Texas caves.  Their distribution through the caves (Figure 39 K) is comparable to 
the distributions of Cicurina varians and Ceuthophilus cunnicularis (Figure 39 A and Q, 
respectively), and broadly overlaps with that of Ceuthophilus secretus (Figure 39 R).  We 
believe that the white springtails may be feeding on fungal and microbial materials 
growing primarily on C. secretus guano.  Their dominance in caves with few cave 
crickets (Talking Crows and Lucky Rock caves, Table 9), suggests that the crickets don’t 
serve as a sole energy source.  We have also observed white springtails on mammal 
scat.  Cokendolpher (pers. comm.) has successfully maintained cave-adapted Cicurina 
in a laboratory setting using collembola as a food source, so it seems likely that the 
congruence in Cicurina and white springtail distributions may reflect a similar 
predator/prey relationship in the wild. 
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Is there seasonality to the species of concern or the RIFA?  We found seasonality in 
numbers of individuals of white springtails and trogloxenes (including RIFA), but there 
was no detectable seasonality to the troglobitic species of concern.  This may reflect a 
true pattern that troglobites are equally abundant in every season. Our data fail to detect 
an annual breeding season and we found these species to be about equally detectable 
by our methods at one time of year versus another.  The lack of pattern may also be due 
to the small sample size (rarity) of observations for these taxa.  The lack of pattern is not 
supported by observations made by some researchers that have led the U.S. Fish and 
Wildlife Service to recommend certain seasons for performing endangered species 
inventories for troglobites.  If there is truly no seasonality to the species of concern, land 
managers can perform inventory and monitoring of rare troglobites at any time of year.   
 
The seasonality of some cavernicoles shows the highest peaks in the summer, during 
June and August, and these correlate with peaks in Ceuthophilus secretus populations.  
Our numbers of unidentified Ceuthophilus sp. (generally nymphs too small to identify to 
species level in the field) were highest in these two months, and most of these 
specimens are almost certainly C. secretus.  Since this species brings a large amount of 
energy into the caves, an assemblage of species that relies on that energy would be 
expected to increase as well, as is apparent in our data.  We suspect that the white 
springtails are troglobites whose populations increase opportunistically with increases in 
abundances of guano, especially cricket guano, which may be only seasonally 
abundant.  Large numbers of white springtails are often associated with cricket guano, 
thus the population of the springtails closely mirrors the cricket population levels. 
Interestingly, Ceuthophilus cunnicularis, a species of cave cricket which we have not 
observed exiting the cave to forage, has a much less pronounced seasonal cycle of 
abundance than C. secretus (Figure CC 37 N, P), suggesting a different food source and 
life history strategy.   
 
The red imported fire ant, Solenopsis invicta, shows significant variation in how it utilizes 
caves throughout the year, and matches the population peaks of all of the dominant 
taxa, including springtails, Ceuthophilus, and harvestmen.  RIFA are obviously more 
abundant during the summer months in caves (Figures 34, 37 S).  During the summer 
months, nearly all of the in-cave observations of RIFA involved foraging trails extending 
into the caves from the (human) entrance.  During April, however, a RIFA foraging trail 
was observed (Table 7) far from the entrance of Mixmaster Cave, and we were unable to 
find any evidence of ants in the entrance area of the cave (Figure 41).  Thus, while the 
ants appear to forage 10-15 meters into caves by utilizing obvious entrances during the 
warmer months, access to more remote locations in caves may be possible through 
access routes not apparent to us. 
 
How does depth and distance into caves effect distribution of species of concern and 
RIFA?  In general, troglobitic taxa (including species of concern) occur farther and 
deeper into caves than RIFA, with little overlap.  The taxa whose depth and distance 
ranges do overlap with RIFA, however, are the most abundant species, such as 
springtails, and Ceuthophilus, that are known to provide the base of the food chain for 
the species of concern (see discussion on dominance, this section).  In addition, 
entrance-associated taxa that use cave, but are not very well understood components of 
the ecosystem, such as Leiobunum townsendii, centipedes, and rove beetles, overlap in 
depth and distance with RIFA.  Because of the overlap of RIFA and dominant taxa that 
are known to provide food for species of concern (Ceuthophilus secretus and 
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springtails), there are probably few significant direct impacts on troglobitic taxa (except 
springtails, which at least partially co-occur with Ceuthophilus secretus), and mostly 
indirect impacts of RIFA on species of concern.  Exceptions to this may occur when 
RIFA access more remote portions of caves via other access points.  In these cases, 
RIFA may be prey on troglobites – species with already low population levels, low 
reproductive rates, and longer life spans.  In these instances, foraging by RIFA could be 
catastrophic for the species of concern (generally, rare troglobites). 
 
What is the humidity and temperature at locations where species of concern and RIFA 
occur?  In general, troglobites occurred at cooler air and soil temperatures, and at higher 
humidities than RIFA.  Some trogloxenes, such as other species of ants and Leiobunum 
townsendii, occurred in similar air and soil temperatures and humidities as RIFA.  
Surface springtails also occurred at low humidities, but unlike RIFA preferred low 
temperatures.  White springtails occurred at somewhat warmer air and soil temperatures 
than other troglobites, but did not entirely overlap with RIFA in that white springtails 
prefer more humidity.  This is an example of a parameter that shows little overlap of 
RIFA and taxa of concern, but some overlap of RIFA and trogloxenes. 
 
What is the effect of soil temperature on worker size or hypogean vs. epigean RIFA?  
Our data shows a trend for size of worker RIFA to increase as soil temperature 
increases, but soil temperature at pooled cave and surface locations did not significantly 
predict RIFA size.  A larger sample size would be needed to fully investigate this 
question.  The soil temperatures of hypogean and epigean locations where ants were 
found were significantly different. 
 
On what substrate do species of concern and RIFA occur?  Substrate variables that 
were examined using correspondence analysis (Figure 50) showed that most of the 
troglobitic taxa were associated with one another and with variables common in deep, 
horizontal passages, such as guano, floor, soil, clay and rocks.  RIFA, on the other hand, 
are more associated with variables common in entrances and entrance pits, such as 
vertical passage, bedrock, and leaves.  Species that cluster with RIFA in this analysis 
are again the trogloxenes, including surface springtails and harvestmen. 
 
In light of the above discussions, we can now revisit primary question (To what extent do 
RIFA enter and forage in caves?).  Examining all of the ways we have quantified their 
cave use, one pattern continues to be evident, that RIFA cave use overlaps very little 
with troglobite use.  RIFA primarily use the areas of the cave closer to the entrance and 
closer to the surface, while taxa of concern use the deeper areas of the cave.  RIFA 
display seasonality to their cave use, while taxa of concern do not.  RIFA occur on 
warmer soil and warmer and drier air, while troglobites are found in cooler temperatures 
and more humid air.  RIFA occur on entrance and vertical pit associated substrates, 
while troglobites occur in deep cave horizontal substrates.  Given these answers alone, 
we might conclude that either RIFA do not interact with troglobites and therefore are not 
a threat, or that when RIFA are present they have already pushed the troglobites out of 
their preferred territory.  It is certainly possible that in caves without RIFA, troglobites 
commonly venture near the entrance to take advantage of the rich food availability, and 
in caves with RIFA these behaviors are detrimental.  A follow up question to help tease 
apart these differences would be: do caves with no RIFA have the same distribution of 
troglobites as cave with RIFA?  In other words, do RIFA force troglobites farther back 
into the cave, or would they be far back in the cave anyway?   
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Regardless of the mechanisms that keep RIFA principally out of the range of troglobites, 
another important factor to consider is indirect effects.  Even though overall many of the 
karst invertebrate and RIFA comparisons show that there is little overlap in cave use 
(with some exceptions, discussed earlier), they do overlap with other key species.  
Trogloxenes that are known to be importantl components of the ecosystem, such as 
Ceuthophilus secretus and white springtails, overlap in their patterns of cave use in 
many ways with RIFA (dominance, seasonality, depth, distance).  Other dominant taxa 
that occur near entrances, such as the harvestman Lieobunum townsendii and surface 
springtails, also overlap their cave use in many ways with RIFA (dominance, seasonality, 
depth, distance, humidity, temperature, substrate).  Prior studies have described 
predation within caves upon Ceuthophilus nymphs as “very heavy” (Reddell and 
Cokendolpher 2001b).  Our results clearly show that RIFA and trogloxene cave use are 
very similar, and therefore indirect effects on taxa of concern are significant.  
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Table 5.  The location, sampling date, trap station location, total RIFA in trap, soil 
temperature of epigean (surface) and hypogean (in cave) samples of RIFA with 
associated means of head width (mm) and dry weight (mg) of subsamples.  Each 
subsample is compised 30 individual RIFA, except in the hypogean trap with only 7 
individuals. 
 
 
     Mean Mean 
   Total Soil Head Dry 
Worker  Sampling RIFA in Temp Width Weight 
Location Date Station Trap (˚C) (mm) (mg) 
 
 
Epigean 9-Oct-02 B4 367 27.5 0.88 0.63 
Epigean 9-Oct-02 C5 97 27 0.64 0.24 
Epigean 10-Aug-02 E4 268 30.2 0.70 0.33 
Epigean 8-Jun-02 D5 151 33.6 0.69 0.31 
Epigean 7-Aug-02 A2 232 33.2 0.73 0.36 
 
Hypogean 9-Oct-02 1 214 23.8 0.60 0.20 
Hypogean 9-Oct-02 2 7 22.2 0.66 0.27 
Hypogean 10-Aug-02 1 35 26.4 0.69 0.31 
Hypogean 8-Jun-02 1 274 24.9 0.59 0.20 
Hypogean 7-Aug-02 1 325 27.6 0.64 0.25 
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Table 6.  Distribution of RIFA counts within sampling quadrats at Big Red and Mixmaster 
Caves. 
 
     
   Distance Depth RIFAt 
 Date of Station Along Below count in 
Cave Observation Number Transect (m) Ground (m) Quadrat 
 
 
Mixmaster 3_April_2002 1 0 0 4 
Mixmaster 8_August_2002 1 0 0 1 
Mixmaster 11_June_2002 1/2 2 2.67 3 
Mixmaster 8_August_2002 1/2 2 2.67 2 
Mixmaster 3_April_2002 5 16 6.33 1 
Mixmaster 3_April_2002 5 16 6.33 2 
Mixmaster 3_April_2002 5/6 18 6.50 17 
 
Big Red 31_January_2002 1 0 0 3 
Big Red 4_April_2002 1 0 0 6 
Big Red 8_June_2002 1 0 0 30 
Big Red 10_August_2002 1 0 0 30 
Big Red 9_October_2002 1 0 0 6 
Big Red 31_January_2002 1/2 2 2.75 2 
Big Red 4_April_2002 1/2 2 2.75 2 
Big Red 8_June_2002 1/2 2 2.75 72 
Big Red 10_August_2002 1/2 2 2.75 36 
Big Red 9_October_2002 1/2 2 2.75 9 
Big Red 31_January_2002 2 4 4.50 1 
Big Red 10_August_2002 2 4 4.50 5 
Big_Red 8_June_2002 2 4 4.50 4 
Big_Red 8_June_2002 2/3 6 6.75 1 
Big_Red 10_August_2002 2/3 6 6.75 2 
Big Red 9_October_2002 2/3 6 6.75 6 
Big_Red 8_June_2002 3 8 9.25 46 
Big_Red 10_August_2002 3 8 9.25 14 
Big Red 9_October_2002 3 8 9.25 2 
Big_Red 4_April_2002 3/4 10 10.75 1 
Big_Red 8_June_2002 3/4 10 10.75 28 
Big_Red 10_August_2002 3/4 10 10.75 16 
Big Red 9_October_2002 3/4 10            10.75 3 
Big_Red 10_August_2002 4 12 11.50 1 
Big Red 9_October_2002 4 12 11.50 2 
Big_Red 8_June_2002 4/5 14            13.25 1 
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Table 7.  Anecdotal observations of RIFA distributed outside of sampling quadrats at Big 
Red and Mixmaster Cave 
 
Cave 
   Date 
Observations 
 
Mixmaster Cave: 
 
   2-February-2002 
Dead ants (10 RIFA) observed under rock on ledge and dry soil between 
quadrats 1 and ½ (0 and 2 meters into the cave). 
   3-April-2002 
One RIFA observed and collected on normal loose clay between quadrats 4 and 
4/5 (12 and 14 m into the cave).  Eighty RIFA were observed in a foraging trail 
between quadrats 5/6 and 6 (18 and 20 m into the cave).  Of the RIFA in the trail, 
50 RIFA were on the floor and 30 were on the wall of the cave.  A second group 
of RIFA were observed between quadrats 5/6 and 6 and consisted of 25 
individuals.   
   8_August_2002 
Trail of 10 RIFA near north side of quadrat 1 (0 m into the cave).  
 
Big Red Cave: 
 
   31-January-2002 
Wood frame around gate of cave entrance infested with RIFA (0m into the cave). 
   4-April-2002 
One RIFA on dry bedrock outside of quadrat 1 (0 m into the cave).More than 25 
RIFA observed (3 collected) between quadrats ¾ and 4 (10 and 12 m into the 
cave) at base of entrance drop on the rock surface at the front, left and north of 
the quadrat 
  8-June-02 
Foraging trail of about 40 RIFA outside of quadrat 1 (0m into the cave) 
   10-August-02 
Many RIFA between stations 3 and ¾.North wall between quadrats 4 and 4/5 (12 
and 14 m into the cave) covered in RIFA (density not determined).  
   9-October-02 
Foraging trail of RIFA outside of quadrat 1 (0 m into the cave) at a density of 1 
RIFA/cm and intercepts quadrat ½ (2 m into the cave). 20 RIFA and 100 
springtails observed on dead mouse (Peromyscus sp. ?). 
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Table 8.  Number of RIFA sampled within quadrats in caves over one year is not a good 
predictor of the taxon richness (total number of unique taxa sampled over one year 
within quadrats) for a particular cave (y = 45.085 – 0.029x, r2 = 0.509, p = 0.112). 
 
 
Effect         Coefficient    Std Error   Std Coef Tolerance     t     P(2 Tail) 
CONSTANT       45.085       1.986        0.000              22.700     0.000 
RIFAINCAVE     -0.029        0.014       -0.713     1.000    -2.035     0.112 
 
Dependent variable: TAXARICHNESS,  N: 6,  Multiple R: 0.713, Squared multiple R: 
0.509, Adjusted squared multiple R: 0.386, Standard error of estimate: 4.040 
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Table 9.  Dominant taxa (>2% of all taxa sampled) found in in-cave quadrats, by cave.  
For each cave, the total number of observations for the entire year-long study, and the 
percent of the total number of taxa sampled in each cave, is given.  For example, in Big 
Red Cave, 1,974 springtails were counted during 6 visits spanning the year 2002, and 
these springtails account for 66.5% of all taxa counted in in-cave quadrats at Big Red 
Cave during those visits. 
 
   Percent 
      Total   of all 
Cave Dominant Taxa (>2% of samples) Abundance  Taxa 
    
Big_Red white Springtails (Collembola)  1974 66.55% 
Big_Red Ceuthophilus secretus  356 12.00% 
Big_Red Solenopsis invicta 330 11.13% 
Big_Red Ceuthophilus spp. 88 2.97% 
    
Mixmaster white Springtails (Collembola) 588 40.92% 
Mixmaster Ceuthophilus secretus  386 26.86% 
Mixmaster Ceuthophilus spp. 194 13.50% 
Mixmaster surface Springtails (Collembola) 76 5.29% 
Mixmaster Leiobunum townsendii 44 3.06% 
Mixmaster Solenopsis invicta 30 2.09% 
    
Talking_Crows white Springtails (Collembola) 1104 60.96% 
Talking_Crows surface Springtails (Collembola)  390 21.54% 
Talking_Crows surface isopod  66 3.64% 
Talking_Crows Solenopsis invicta 52 2.87% 
    
Figure_8 white Springtails (Collembola) 1385 54.51% 
Figure_8 Leiobunum townsendii 671 26.41% 
Figure_8 unidentified Springtails (Collembola) 189 7.44% 
Figure_8 surface Springtails (Collembola) 72 2.83% 
Figure_8 Ceuthophilus secretus  58 2.28% 
    
Lucky_Rock white Springtails (Collembola) 1701 60.40% 
Lucky_Rock Leiobunum townsendii 520 18.47% 
Lucky_Rock surface Springtails (Collembola) 310 11.01% 
Lucky_Rock inidentified insect larvae 85 3.02% 
    
Streak white Springtails (Collembola) 3289 80.08% 
Streak Ceuthophilus secretus  177 4.31% 
Streak surface Springtails (Collembola) 120 2.92% 
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Table 10.  Seasonal abundance of all invertebrates from in-cave quadrat samples at Big 
Red Cave (2002). See Reddell (2001) for higher classification. 
 
Taxon 31 Jan 4 Apr 8 Jun 10 Aug 9 Oct 9 Dec 
 
Unidentified mites (Acarina) 0 3 0 2 0 0 
Blind Cicurina spp. 2 3 0 1 0 1 
Neoleptaneta sp. (Araneae) 0 0 0 1 0 0 
Eidmanella-like spider 1 0 0 5 0 0 
Meioneta sp. (Araneae) 0 0 0 1 0 0 
Unidentified spiders (Araneae) 3 4 1 1 3 2 
Centipedes (Lithobiomorpha) 4 0 7 5 0 1 
Unidentified centipedes 0 0 0 0 4 0 
Unidentified earthworms 1 3 0 0 1 0 
Cambala speobia  8 2 4 4 4 7 
Speodesmus n. sp. 0 0 1 1 3 3 
Unidentified millipeds (Diplopoda) 4 0 0 0 0 0 
Surface springtails (Collembola)  10 25 3 17 2 0 
White springtails (Collembola)  52 69 260 1348 202 51 
Heliodiscus eigenmanni 0 4 9 6 0 0 
Batrisodes spp. 1 1 0 2 1 4 
Rove beetles (Staphylinidae) 0 3 0 0 0 1 
Unidentified Diplura 0 0 0 0 1 0 
Unidentified flies (Diptera) 0 1 1 0 0 0 
Solenopsis invicta  6 9 182 105 28 0 
Unidentified moths (Lepidoptera) 0 0 0 1 1 0 
Ceuthophilus sp. 29 11 19 8 17 6 
Ceuthophilus cunicularis  1 2 3 1 24 1 
Ceuthophilus secretus  7 40 122 173 2 12 
Fleas (Siphonaptera) 0 0 0 0 0 1 
Unidentified insect Larvae 0 0 1 5 0 0 
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Table 11. Seasonal abundance of all invertebrates from in-cave quadrat samples at 
Mixmaster Cave (2002). See Reddell (2001) for higher classification. 
  
Taxon 2 Feb 3 Apr 11 Jun 8 Aug 11 Oct 10 Dec 
    
Unidentified mites (Acarina) 1 8 3 0 0 1 
Blind Cicurina spp.  0 0 0 0 1 0 
Cicurina varians 2 1 1 1 1 1 
Cicurina spp. 0 0 2 0 1 0 
Neoleptaneta sp. (Araneae) 0 0 0 0 0 0 
Lycosa sp. (Araneae) 1 0 0 0 0 0 
Eidmanella-like Spider 0 0 0 0 0 0 
Meioneta sp. (Araneae) 0 0 0 0 0 0 
Unidentified spiders 2 0 2 2 3 0 
Leiobunum townsendii 3 1 21 20 0 0 
Centipedes (Lithobiomorpha) 2 0 2 1 1 1 
Centipedes (Scutigeromorpha) 0 0 0 1 0 0 
Undentified centipedes 0 0 0 0 0 0 
Unidentified earthworms 0 0 2 0 0 0 
Cambala speobia  2 0 0 0 0 0 
Speodesmus n. sp. 1 0 1 0 0 0 
Unidentified millipeds (Diplopoda) 0 0 0 0 0 0 
Surface springtails (Collembola)  18 23 10 0 4 6 
White springtails (Collembola)  123 84 100 149 58 65 
Sminthuridae (Collembola)  1 0 0 0 0 0 
Heliodiscus eigenmanni 0 2 0 3 0 0 
Tachys? beetles 0 0 0 0 1 0 
Unidentified carabid beetles 0 2 0 0 0 0 
Batrisodes spp.  1 0 0 0 0 0 
Rove beetles 2 6 1 1 4 7 
Embaphion muricatum 0 0 0 0 1 0 
Unidentified Tenebrionidae 1 0 1 0 0 0 
Unidentified Diplura  0 0 0 0 0 0 
Unidentified Flies (Diptera) 0 5 2 1 0 0 
Solenopsis invicta  0 24 3 5 0 0 
Unidentified Broconidae 0 1 0 0 1 0 
Unidentified moths (Lepidoptera) 0 0 0 1 1 0 
Ceuthophilus sp. 97 26 30 23 15 6 
Ceuthophilus cunicularis  1 0 5 1 1 0 
Ceuthophilus secretus  6 93 87 67 77 56 
Unidentified Fleas (Siphonaptera) 0 0 0 0 0 0 
Unidentified insect larvae 0 0 0 0 0 0 
Unidentified Turbellaria 0 0 0 0 0 7 
Fungus gnat (Mycetophilidae) 1 0 0 0 0 0 
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Table 12. Codes used in correspondence analysis for A distance into cave, B) depth 
below surface, C) air temperature, D) soil temperature, E) relative humidity, and F) 
substrate.  Note that for substrates on which species were found (F), water was 
excluded from the list because only one individual found in water. 
 
 
 
A. Distance into cave (m) Code 
 0 0 
 1-7 1 
 7-15 2 
 15-23 3 
 23-31 4 
 31+ 5 
 
 
B. Depth below surface (m) Code 
 0 m (Surface) 1 
 < 3.60 m 2 
 3.61 to 7.00 m 3 
 7.01 to 10.30 m 4 
 10.31 to 14.80 m 5 
 
 
C. Air Temperature (ºC) Code 
 7.90 to 17.40 1 
 17.41 to 18.83 2 
 18.84 to 19.89 3 
 19.90 to 21.11 4 
 21.12 to 49.44 5 
 
(continued)
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Table 12. Continued.  Codes used in correspondence analysis for A distance into cave, 
B) depth below surface, C) air temperature, D) soil temperature, E) relative humidity, and 
F) substrate.  Note that for substrates on which species were found (F), water was 
excluded from the list because only one individual found in water. 
 
 
 
D. Soil Temperature (ºC) Code Soil Temp Name  
 9.2 to 16.6 1 Semi-cold 
 16.7 to 18.5 2 Moderate 
 18.6 to 19.4 3 Warm 
 19.5 to 20.8 4 Semi-hot 
 19.5 to 20.8 5 Hot 
 
 
E. Relative Humidity (%) Code 
 36.27 to 93.07 1 
 93.08 to 95.46 2 
 95.47 to 96.38 3 
 96.39 to 97.58 4 
 97.59 to 100 5 
 
 
F. Substrates Substrate_Name 
 Clay Clay 
 Soil  Soil 
 Guano Guano 
 Leaflitter, leaf/leaves,  
 vegetation (fern, moss, tree, root), 
  sticks, bark,  trash Leaves 
 Rock(s)/Stone(s) Rocks 
 Flowstone, bedrock, popcorn,  
 concrete, limestone, calcite Bedrock and Speleothems   
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Table 13.  Taxa included in correspondence analysis and their frequency of occurrence.  
Taxa with less than ten occurrences were excluded from the analysis. 
 
 
           Taxon Frequency 
 
Cicurina spp 22  
Cicurina varians 17  
Eidmanella spider 12  
Meioneta spider 13  
Leiobunum townsendii 1337  
Centipedes-Unidentified 55  
Cambala speobia 97  
Speodesmus n. spp. 20  
Surface Springtail 1022  
White Springtail 10041  
Springtail-Unidentified 209  
Helicodiscus eigenmanni 12  
Rove Beetles-Unidentified 55  
Fire ants 461  
Ceuthophilus spp. 390  
Ceuthophilus cunicularis 109  
Ceuthophilus secretus 1031  
Batrisodes spp. 24 
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Figure 27.  Total number of RIFA tallied in in-cave quadrats, arranged by cave. 
 
 
 
 
 
 
 
 
Figure 28.  Bait station, showing cardboard cover.  Note small black guanophilic beetles 
(Histeridae). Photo by Steve Taylor, 8 August 2001. 
 
 
 62
 
 
Figure 29.  Researcher using the 0.1 m2 quadrat to cenus fauna on cave floor.  Passage 
size is typical of the six caves utilized in this study. 
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Figure 30.  Taxon richness (number of unique taxa) each of the six cave sites for one 
year.  Taxon richness was the following:  Big Red (37 taxa), Mixmaster (42 taxa), Talking 
Crows (47 taxa), Figure 8 (43 taxa), Lucky Rock (47 taxa), and Streak (49 taxa).   
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Figure 31.  The effect of the number of RIFA sampled within in-cave quadrats on the 
number of taxa found at each of the six caves.  A linear smoother line was fit to the 
distribution (Linear regression, r2= 0.587, p= 0.075). 
 
 
 
Figure 32.  Root Mean Square distance Average Linkage Cluster Analysis of similarity 
among sites based on taxon presence / absence data out of Reddell (2001). 
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Figure 33.  Rank order relative abundance (plotted on a logarithmic scale)  of each 
unique taxon sampled within in-cave quadrats in (A) Big Red, (B) Mixmaster, (C) Talking 
Crows, (D) Figure 8, (E) Lucky Rock, and (F) Streak caves over one year.  
A
C D
E F
B
 65
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. Seasonal abundance of selected taxa from quadrat samples in Big Red Cave. 
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Figure 35. Abundance of cave crickets, Ceuthophilus spp., during different months at 
different caves. 
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Figure 36. Box plots of abundance of unidentified cave crickets, Ceuthophilus spp., 
during different months averaged across all six caves.  Midlines represent medians, 
boxes represent the 25th and 75th percentiles, and whiskers represent the 10th and 90th 
percentiles.  
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L. Springtails, unidentified (n=209) 
 
 
  Figure 37.  Seasonal abundance of selected taxa within quadrats.  Data are expressed 
as a percentage of total individuals of the species displayed in the histogram. 
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Figure 37.  Continued.  Seasonal abundance of selected taxa within quadrats.  Data are 
expressed as a percentage of total individuals of the species displayed in the histogram. 
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Figure 38.  Scatter plot of the first two dimensions of the correspondence analysis 
between cave fauna and dates the fauna were observed. 
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Figure 39.  Abundance of invertebrates at different distances (in meters) into caves, 
based on quadrat data. 
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Figure. 39. Continued.  Abundance of invertebrates at different distances (in meters) into 
caves, based on quadrat data. 
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Figure. 39. Continued.  Abundance of invertebrates at different distances (in meters) into 
caves, based on quadrat data. 
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Figure. 39. Continued.  Abundance of invertebrates at different distances (in meters) into 
caves, based on quadrat data. 
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Figure. 39. Continued.  Abundance of invertebrates at different distances (in meters) into 
caves, based on quadrat data. 
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Figure 40.  Depth of occurrence of selected taxa within quadrats.
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Figure 40.  Continued.  Depth of occurrence of selected taxa within quadrats. 
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Figure 40.  Continued.  Depth of occurrence of selected taxa within quadrats.
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Figure 40.  Continued.  Depth of occurrence of selected taxa within quadrats.
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Figure 40.  Continued.  Depth of occurrence of selected taxa within quadrats.
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Figure 41.  The distribution of RIFA systematically sampled along a transect within 
quadrats (2 m interval between quadrats) leading caves by sample date. Only months in 
which RIFA occurred in in-cave quadrat samples are shown.  A – Big Red Cave, B – 
Mixmaster Cave. 
 
 
 81
 
 
 
 
 
A
0 5 10 15
Depth below ground (m)
0
10
20
30
40
50
60
70
80
N
um
be
r o
f R
IF
A
9-Oct-02
10-Aug-02
8-Jun-02
4-Apr-02
31-Jan-02
MONTH
 
B
0 1 2 3 4 5 6
Depth below ground (m)
0
5
10
15
20
N
um
be
r o
f R
I F
A
8-Aug-02
11-Jun-02
3-Apr-02
MONTH
 
 
Figure 42.  The distribution of RIFA within quadrats in relation to increasing depth (in 
meters), or distance below the surface of the ground, for each quadrat containing RIFA. 
Only months in which RIFA occurred in in-cave quadrat samples are shown.  A – Big 
Red Cave, B – Mixmaster Cave. 
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Figure 43.  Correspondence analysis of cave species and depth and distance into the 
cave.  Codes for depth and distance are given in Table 12. 
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Figure 44. Mean relative humidity associated with taxa, in rank order, from in-cave 
quadrat samples.  Error bar is standard error, values given in Appendix 5. 
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Figure 45. Mean soil temperature associated with taxa, in rank order, from in-cave 
quadrat samples.  Error bar is standard error, values given in Appendix 5. 
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Figure 46. Mean air temperature associated with taxa, in rank order, from in-cave 
quadrat samples.  Error bar is standard error, values given in Appendix 5. 
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Figure 47. Plot of the first two dimensions of the correspondence analysis of cave fauna 
and temperature and humidity where the fauna were observed.  Relative Humidity: 
H1=36.27 to 93.07 %, H2=93.08 to 95.46 %, H3=95.47 to 96.38 %, H4=96.39 to 97.58 
%, H5=97.59 to 100 %; Soil Temperature (ºC): S1=9.2 to 16.6 (Semi-cold), S2=16.7 to 
18.5 (Moderate), S3=18.6 to 19.4 (Warm), S4=19.5 to 20.8 (Semi-hot), S5=19.5 to 20.8 
(Hot); Air Temperature (ºC): A1=7.90 to 17.40, A2=17.41 to 18.83, A3=18.84 to 19.89, 
A4=19.90 to 21.11, A5=21.12 to 49.44; Soil Moistuure: Dry, Normal Wet. 
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Figure 48.   Regression of soil temperature (˚C) and RIFA dry weights (mg), epigean and 
hypogean data pooled.  Non-parametric rank linear regression, TAU:  0.076.
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Figure 49.  Percentage occurrence of species in various habitats based on in-cave 
quadrat sampling data from all six caves. 
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Figure 50.  Scatter plot of the correspondence analysis of species and substrate.  
Substrate codes are described in Table 12, and variables describing orientation of the 
quadrat include ceiling, floor, walls of a vertical passage (N/S/E/W) and walls of a 
horizontal passage (L/R). 
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Appendix 1:  Calculating relative humidity from wet bulb / dry bulb data when station 
elevation data are available (USWCL 2003). 
 
 
Notation: 
eswb      saturation vapor pressure at Twb (kPa)  
esdb          saturation vapor pressure at Tdb (kPa)  
ed              vapor pressure (kPa)  
PInches              station pressure (inches of Hg) 
PkPa           station pressure (kPa)  
Twb            wet bulb temperature (°C)  
Tdb            dry bulb temperature (°C)  
 
 
Procedure:  
 
1.  Exact station pressure (P) was measured in Hg./inches and converted to P in kPa 
(kiloPascals) using the following:  
PkPa = PInches  (101 kPa/29.9213 inches in Hg) 
 
2. Calculate a conversion factor, A (Rosenberg et al. 1990).  
 
 
3.  Calculate the saturation vapor pressure at Twb (Tetens 1930).  
 
 
4.  Calculate the vapor pressure, or the partial pressure of water vapor, ed in kPa.  
 
 
5.  Calculate the saturated vapor pressure, esdb.  
 
 
6.  Finally, calculate the relative humidity, RH, in percent.  
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Appendix 2: Answering questions about RIFA foraging intensity using only bait trap data. 
 
Originally we posed the following questions, and suggested they could be answered 
through analysis of bait trapping.  However, after finding our trapping method was nearly 
entirely inadequate to detect RIFA in caves at all, we abandoned using only bait trap 
data and chose to incorporate data from the other two methods.  In the interest of being 
thorough, however, this Appendix outlines the initial questions as they were worded in 
the proposal and answers them using only bait trap data. 
 
What is the foraging intensity of RIFA in caves? 
 
Using bait trapping, we have found that RIFA foraging is extremely low, or nearly 
non-existent, in these caves.  A total of only 5 traps captured RIFA in caves, and 
of those, 4 of them were at the entrance station which was placed at a location 
just inside (0 - 1m) the entrance to the cave.  The other trap was at station two, 4 
m into the cave (Table 5). Farther into the cave we witnessed trails of RIFA within 
a meter of the bait traps, but found almost no RIFA in the traps.   
 
How far into caves to RIFA forage? 
 
Using the bait trapping data from Table 5, RIFA forage up to 4 m into the cave, 
and at a depth of 4.5 m. 
 
Are their seasonal patterns to RIFA foraging? 
 
Using the single data point for RIFA found at a bait station beyond the entrance, 
no significant RIFA foraging was observed in caves across or within seasons. 
 
How do patterns of in-cave RIFA foraging relate to surface RIFA foraging activity and to 
fluctuations in temperature? 
 
There are no patterns of in-cave RIFA foraging using bait trap data. 
 
To what extent does in-cave RIFA foraging vary among caves? 
 
Intensity of RIFA foraging in caves does not vary significantly among caves when 
the first four bait stations are compared. 
 
Is there an effect of debris piles on in-cave RIFA recruitment? 
 
Excluding the entrance bait station, the bait stations closest to the debris pile at 
the base of the cave entrance did not capture significantly more RIFA than those 
further away.  Only the one bait trap at Big Red on October 9, 2002, as 
discussed earlier, captured any RIFA at a non-entrance hypogean location.   
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Appendix 3.  SAS code for cluster analysis of species presence absence data from 
Reddell (2001). 
 
OPTIONS NOCENTER; 
DATA FtHSITES; 
INPUT SITE $ gord gast ostro onisc argiop Mangor Corinn CicTB Ciccor Cicmix
 Cichod Cicvar Meionl Meions Archae scot Eidmp Neolpr Neolns Linyph Latro
 Argyr Tidar Acari Tromb Ixod Lieobt Geoph Litho Scutig Cryptop Paraj
 Camspe Speod Symphy Siphon Collmb Psevio Thysur Orthop Csec Ccun Hemip
 Thysop Coleop Batgrv Batnsp Cylend Carab Rhadin Leiod Ptomap Embap Staphy
 Belon Rifa Formic Dipt Culic Bufo Syrrho Rana Gastro Pleth Peromy; 
CARDS; 
BigRed 0 1 0 0 0 0 0 1 1 0 0
 0 1 0 0 0 0 0 0 0 0 0
 0 0 0 0 0 0 1 0 0 0 1
 1 0 0 1 0 0 0 1 1 0 0
 0 0 0 0 0 1 0 0 0 0 0
 1 0 0 0 1 1 1 0 0 1 
Mixmas 0 1 1 0 1 1 1 1 0 1 0
 1 0 0 0 1 1 0 0 0 1 0
 0 0 1 0 0 1 1 1 0 0 1
 1 0 0 1 0 0 0 1 1 0 0
 0 1 0 0 0 0 0 0 1 0 0
 1 0 0 0 0 0 0 0 0 0 
Streak 0 1 0 0 0 0 0 1 0 0 0
 1 1 0 1 0 0 0 0 0 0 0
 0 0 0 1 1 0 1 0 0 0 1
 1 0 0 1 1 0 0 1 1 0 0
 0 0 0 0 0 1 0 0 0 1 0
 0 1 0 0 0 1 0 1 0 0 
Fig8 0 1 0 0 0 0 0 1 0 0 0
 1 1 0 0 0 1 1 0 0 0 0
 0 0 0 0 0 0 1 0 0 0 1
 1 0 0 1 0 1 0 1 1 0 0
 0 1 0 0 0 1 0 0 0 1 1
 1 0 0 0 0 0 0 0 0 0 
Lucky 1 1 0 1 0 0 0 1 0 0 0
 0 1 0 0 0 0 0 0 1 0 0
 0 1 1 0 0 1 1 0 0 0 1
 1 0 1 1 0 0 0 1 1 1 1
 1 1 0 1 1 1 1 1 0 0 0
 0 0 1 1 0 0 0 0 1 0 
TalkC 0 1 0 0 1 0 0 0 0 0 1 
 1 1 0 1 1 0 1 1 0 1 1
 1 0 0 1 0 1 0 1 1 0 0
 1 0 1 1 0 1 1 1 0 0 0
 0 1 0 0 0 0 1 0 0 0 1
 0 1 0 0 1 0 0 0 0 
 
 
PROC CLUSTER METHOD=AVERAGE OUTTREE=SITES; 
  ID SITE; 
  VAR gord gast ostro onisc argiop Mangor Corinn CicTB Ciccor Cicmix Cichod
 Cicvar Meionl Meions Archae scot Eidmp Neolpr Neolns Linyph Latro Argyr
 Tidar Acari Tromb Ixod Lieobt Geoph Litho Scutig Cryptop Paraj Camspe
 Speod Symphy Siphon Collmb Psevio Thysur Orthop Csec Ccun Hemip Thysop
 Coleop Batgrv Batnsp Cylend Carab Rhadin Leiod Ptomap Embap Staphy Belon
 Rifa Formic Dipt Culic Bufo Syrrho Rana Gastro Pleth Peromy; 
PROC TREE; 
PROC TREE SORT HEIGHT=N; 
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Appendix 4.  Taxon coding for the SAS cluster analysis (see Appendix 3). 
 
Taxon shortname BigRed Mixmas Streak Fig8 Lucky TalkC 
  
  Gordioida gord 0 0 0 0 1 0 
Gastropoda_undet gast 1 1 1 1 1 1 
Ostracoda_Podocopidda ostro 0 1 0 0 0 0 
Oniscoidea onisc 0 0 0 0 1 0 
Argiope_aurantia argiop 0 1 0 0 0 1 
Mangora Mangor 0 1 0 0 0 0 
Corinnidea Corinn 0 1 0 0 0 0 
CicurinaTB CicTB 1 1 1 1 1 0 
Cicurina_coryelli Ciccor 1 0 0 0 0 0 
Cicurina_mixmaster Cicmix 0 1 0 0 0 0 
Cicurina_hoodensis Cichod 0 0 0 0 0 1 
Cicurina_varians Cicvar 0 1 1 1 0  
Meioneta_llanoensis Meionl 1 0 1 1 1 1 
Meioneta_sp Meions 0 0 0 0 0 1 
Achaearanea_porteri Archae 0 0 1 0 0 0 
Scotinella scot 0 1 0 0 0 1 
Eidmannella_pallida Eidmp 0 1 0 1 0 1 
Neoleptoneta_paraconcinna Neolpr 0 0 0 1 0 0 
Neoleptoneta_nsp Neolns 0 0 0 0 0 1 
Linyphiidae Linyph 0 0 0 0 1 1 
Latrodectus_prob_mactans Latro 0 1 0 0 0 0 
Argyrodes_furcatus Argyr 0 0 0 0 0 1 
Tidarren_prob_sisyphoides Tidar 0 0 0 0 0 1 
Acarina Acari 0 0 0 0 1 1 
Trombiidae Tromb 0 1 0 0 1 0 
Ixodidae Ixod 0 0 1 0 0 0 
Leiobunum_townsendii Lieobt 0 0 1 0 0 1 
Geophilomorpha_undet Geoph 0 1 0 0 1 0 
Lithobiomorpha_undet Litho 1 1 1 1 1 1 
Scutigeromorpha_undet Scutig 0 1 0 0 0 0 
Cryptops_?leucopodus Cryptop 0 0 0 0 0 1 
Parajulidae Paraj 0 0 0 0 0 1 
Cambala_speobia Camspe 1 1 1 1 1 0 
Speodesmus Speod 1 1 1 1 1 0 
Symphyla Symphy 0 0 0 0 0 1 
Siphonoptera Siphon 0 0 0 0 1 0 
Collembola_undet Collmb 1 1 1 1 1 1 
Pseudosinella_violenta Psevio 0 0 1 0 0 1 
Thysanura Thysur 0 0 0 1 0 0 
Orthoptera_undet Orthop 0 0 0 0 0 1 
Ceuth_secretus Csec 1 1 1 1 1 1 
Ceuth_cunnicularis Ccun 1 1 1 1 1 1 
Hemiptera Hemip 0 0 0 0 1 0 
Thysanoptera Thysop 0 0 0 0 1 0 
Coleoptera_undet Coleop 0 0 0 0 1 0 
Batrisodes_gravesi Batgrv 0 1 0 1 1 0 
Batrisodes_nsp Batnsp 0 0 0 0 0 1 
 
 
(continued)
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Appendix 4.  Continued.  Taxon coding for the SAS cluster analysis (see Appendix 3). 
 
Taxon shortname BigRed Mixmas Streak Fig8 Lucky TalkC 
 
Cylendrarctus_bicornis Cylend 0 0 0 0 1 0 
Carabidae Carab 0 0 0 0 1 0 
Rhadini_reyesi Rhadin 1 0 1 1 1 0 
Leiodidae Leiod 0 0 0 0 1 0 
Ptomaphagus_cavernicola Ptomap 0 0 0 0 1 1 
Embaphion_muricatum Embap 0 1 0 0 0 0 
Staphylinidae Staphy 0 0 1 1 0 0 
Belonuchus Belon 0 0 0 1 0 0 
RIFA Rifa 1 1 0 1 0 1 
Formicidae Formic 0 0 1 0 0 0 
Diptera_undet Dipt 0 0 0 0 1 1 
Culicidae Culic 0 0 0 0 1 0 
Bufo_valliceps Bufo 1 0 0 0 0 0 
Syrrhophus_marnocki Syrrho 1 0 1 0 0 1 
Rana_berlandieri Rana 1 0 0 0 0 0 
Gastrophryne_olivacea Gastro 0 0 1 0 0 0 
Plethodon Pleth 0 0 0 0 1 0 
Peromyscus Peromy 1 0 0 0 0 0 
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Appendix 5.  Mean and standard error of air temperature, 2 cm soil temperature, and 
relative humidity for selected taxa in quadrats. 
 
 
 Air Temperature (ºC) Relaitive Humidity (%) Soil Temperature (ºC)  
Taxon Mean S.E. Mean S.E. Mean S.E. N 
Meioneta 16.69 0.86 92.70 1.63 16.52 1.21 11 
UnIDed Springtails 17.01 0.07 94.06 0.19 15.59 0.12 209 
UnIDed Globular Springtails 17.28 N/A 96.26 N/A 17.40 N/A 1 
Surface Springtails 18.18 0.12 82.71 0.35 15.84 0.1 1004 
Cicurina varians 18.25 0.57 94.82 0.55 18.04 0.66 17 
Plethodon spp. 18.28 N/A 98.44 N/A 18.50 N/A 1 
Ceuthophilus spp. 18.59 0.18 95.96 0.2 17.63 0.21 375 
UnIDed Rove Beetles 18.64 0.42 91.91 1.16 18.48 0.61 53 
Eidmanella Spiders 18.66 0.86 94.45 0.68 18.10 0.9 12 
UnIDed Centipedes 18.72 0.41 93.93 1.09 18.01 0.51 47 
Batrisodes 18.96 0.28 95.72 0.71 17.99 0.56 24 
Speodesmus spp. 19.35 0.25 89.26 3.4 18.76 0.47 20 
Cambala speobia 19.39 0.07 95.91 0.58 18.60 0.21 92 
Cicurina, blind 19.40 0.39 96.24 1.73 18.85 0.56 22 
Cliff Frog 19.44 0.33 95.98 0.03 20.58 1.07 2 
C. cunicularis 19.47 0.32 95.80 0.5 18.83 0.2 109 
Rhadine reyesi 19.53 0.21 95.11 1.39 16.74 1.81 5 
Scutigerid 20.03 3.86 95.55 0.08 20.20 3 2 
C. secretus 20.10 0.09 96.18 0.06 19.45 0.08 1013 
Neoleptonet spp. 20.19 N/A 97.03 N/A 19.90 N/A 1 
White Springtails 20.19 0.03 95.74 0.03 19.66 0.02 9802 
Cicurina spp. 20.90 0.79 97.01 0.68 20.76 0.72 6 
Helicodiscus eigenmanni 20.94 0.5 95.98 0.28 20.46 0.49 12 
Solenopisis invicta 22.13 0.13 89.41 0.45 22.31 0.16 452 
Other Ants 23.67 0 81.98 0 22.65 0 4 
Leiobunum townsendii 24.85 0.09 82.00 0.23 23.53 0.07 1032 
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III. Above-ground studies of Solenopsis invicta and native ants 
 
 
Here we examine the foraging of RIFA and native ants on the surface above each cave 
in order to put the in-cave data into context of local RIFA pressure.  This surface context 
helps answer the primary question, “to what extent are RIFA a threat to karst 
invertebrate communities at Ft. Hood?”  It also answers another question identified in the 
proposal, “How do patterns of in-cave RIFA use relate to surface RIFA foraging activity 
and to fluctuations in temperature?” 
 
It is known that RIFA foraging on the surface above a cave constitute a threat to cave 
communities based on observations of RIFA preying upon cave organisms and inside 
caves in large numbers (Elliott 1992, Reddell and Cokendolpher 2001b).  However, the 
extent of this threat may vary by season and cave, and no other studies have attempted 
to quantify this threat or relate it to subsurface foraging pressure.  In addition to this 
relationship, we address other aspects of RIFA foraging such as: 
 
• Does distance from the cave entrance affect RIFA foraging? (e.g., do RIFA 
forage more heavily or lightly near cave entrances?) 
• Is 2cm soil temperature a good predictor of RIFA (or native ant) foraging 
intensity? 
• Is there a seasonality to RIFA foraging? 
• Is RIFA and native ant foraging different at different caves? 
• Does the number of active mounds reflect RIFA foraging pressure, and therefore 
is mound extermination a logical way to reduce the threat of RIFA? 
 
 
Methods 
 
To examine the foraging activity of RIFA and native ants on a bi-monthly basis at each of 
the six caves, we utilized bait traps at surface grid points that were delineated earlier in 
this report (Figure 3).  We used timed bait trapping, similar to methods used by Porter et 
al. (1992) and Porter and Tschinkel (1987).  The trap at the center (cave entrance) was 
excluded from some analyses, leaving 24 traps.  Prior to carrying out field work we 
defined a “significant presence of RIFA” as more than 16.67 % (1 out of 6) of the 
seasons (bi-monthly sampling) having more than 20% (5 of 25) bait traps with 10 or 
more RIFA present.  For some analyses, the same criteria were used for native ants. 
 
Bait trapping methods used are identical to those described in the preceding section of 
this report, except that stations were marked with a wire flag to facilitate relocation. 
 
Weather was measured at each cave site during the bi-monthly sampling using a Kestrel 
2000 and included the following parameters: air temperature, percent humidity and wind 
speed. Additionally, observations of cloud cover and recent rains were noted.  
 
Soil temperature was measured during the bi-monthly sampling at each surface grid 
point using methods described in the preceding section of this report. 
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On one occasion at each of the 24 grid points, soil depth was measured as the depth to 
impenetrable horizon, and canopy cover was quantified, both using methods described 
in an earlier section of this report. 
 
RIFA mound counts 
 
During each bi-monthly visit to each cave site, one member of the field crew carefully 
searched the entire 30x30 m surface plot for evidence of active fire ant mounds.  At 
active mounds, fire ants could be observed moving about when the mound was 
disturbed by kicking or prodding (these actions being more vigorous in cold weather).  
Total number of RIFA mounds was recorded for each cave during each bi-monthly visit. 
 
Distance from cave entrance in relation to RIFA foraging intensity 
 
A simple linear regression was used to determine if distance from the entrance of the 
cave is a good predictor of RIFA counts in surface bait traps.  Only those caves 
demonstrating adequately high densities of RIFA (Big Red, Mixmaster, and Talking 
Crows) were regressed in the analysis.  The analysis was performed separately for 
these three caves to include data across all seasons and to include only warmer months 
of sampling (June, August, and October).  Using geometric relationships, we determined 
the distance of these points (Figure 3) from the entrance to be 7.5 m (C2, B3, D3, C4), 
10.6 m (B2, D2, D4, B4), 15.0 m (C1, A3, E3, C5), 16.8 m (A2, D1, E4, B5) and 21.2 m 
(A1, E1, A5, E5) from the entrance of the cave.  For estimates at 16.8 m from the 
entrance only the four bait traps: A2, D1, E4, and B5 (not B1, E2, A4, D5) were used to 
allow a balanced sampling design.  Such a sampling protocol ensured an equally spaced 
and systematic representation of the sampling area. 
 
Results 
 
Distance from cave entrance in relation to RIFA foraging intensity 
 
No significant relationship between foraging effort of ants and distance from cave 
entrance was detected when all six sample periods were combined (Big Red: r2 = 0.003, 
p = 0.558; Mixmaster r2 < 0.001, p = 0.809; Talking Crows: r2 = 0.005, p = 0.450), and no 
significant relationship was detected when only the warmer months (June, August, and 
October) were examined (Big Red: r2 = 0.009, p = 0.461; Mixmaster: r2 = 0.002, p = 
0.764; Talking Crows: r2 = 0.008, p = 0.424).  The lack of an obvious trend in distribution 
of ant foraging by distance from cave (Figures 51, 52) suggests that the proximity to the 
cave entrance does not influence foraging intensity by the ants. 
 
Foraging of native ants and RIFA in relations to 2 cm soil temperature 
 
Native ants were found in surface bait traps at soil temperatures ranging from 14.9 to 
49.8 ºC and averaged (mean ± S.E.) 24.7 ± 0.4 ºC.  RIFA were present in the surface 
bait traps at soil temperatures ranging from 9.9 to 45.6 ˚C and averaged 27.5 ± 0.5 ºC.  
Temperatures at which no ants were trapped ranged from 5.1 to 54.2 ºC and averaged 
17.685 ± 0.3 ºC.  RIFA were generally present in greater numbers and at a broader 
range of temperatures than native ants (Figure 53).  Of the 900 surface bait traps, three 
contained both native ants and RIFA.  These three traps were counted in confidence 
intervals for both categories.  Temperature ranges from 95% confidence intervals varied 
significantly between trap categories (no ants, native ants, RIFA) and did not overlap 
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(Figure 54). The 95% confidence intervals ranged from 24.0 to 25.5 ºC for native ants (N 
= 149 traps), from 26.5 to 28.4 ºC for RIFA (N = 204 traps), and from 17.1 to 18.3 ºC 
when no ants (N = 550 traps) were trapped. 
 
Abundance of foraging RIFA on surface in relation to season and cave 
 
The total number of RIFA in bait traps (or mean number of RIFA/bait trap) varied across 
seasons, and differed among caves (Figure 55).  Based on the a priori criteria outlined in 
our methods (above), Big Red, Mixmaster, Talking Crows and Figure 8 caves had a 
“significant presence” of foraging RIFA in epigean habitat for at least one season per 
year, while Lucky Rock and Streak caves did not have significant foraging in any 
sampling period (Figure 56).  None of the bait traps had ten or more RIFA present for 
any of the months at Streak Cave, and at Lucky Rock Cave, one bait trap (4% of traps) 
contained 10 or more RIFA during both June and August.  Big Red Cave had significant 
presence of foraging RIFA during April, June, August, and October, with 7 (28%), 16 
(64%), 22 (88%), and 23 (92%) of the traps containing 10 or more RIFA.  Mixmaster 
Cave had a significant presence of RIFA during June, August and October, with 6 (24%), 
24 (96%), and 14 (56%) of the traps containing 10 or more RIFA.  Talking Crows Cave 
had a significant presence of RIFA during June and August.  Figure 8 Cave had a 
significant presence only in August. One bait trap at Figure 8 Cave (4% of traps) 
contained 10 or more RIFA in April and ten bait traps (40% of traps) contained 10 or 
more RIFA during August.   
 
Overall, season (sampling date) had a significant effect on the number of RIFA trapped 
at the six caves (one-way ANOVA, F5,18 = 5.798, p = 0.002) (Figure 57).  Post-hoc 
multiple comparisons (Bonferroni Adjustment) revealed that the number of RIFA in 
August differed from those in January (p = 0.006), April (p = 0.008), and December (p = 
0.006). 
 
Sampling period (season) had a significant effect on the number of RIFA observed at the 
four caves (One way-GLM, F5,18 = 5.798,p = 0.002) with significant presence of RIFA 
(Big Red, Mixmaster, Talking Crows, Figure 8). The monthly numbers of RIFA at the four 
caves (mean ± S.E.) were:  January/February: 1 ± 1; April, 131 ± 99; June 1727 ± 949; 
August, 4629 ± 1150; October, 1966 ± 1075; and December, 0 ± 0 (Figure 58). 
 
Abundance of foraging native ants on surface in relation to season and cave 
 
Streak and Lucky Rock had a significant presence of native ants foraging, while native 
ant densities were not significant for all sampling periods for Big Red, Mixmaster, Talking 
Crows, and Figure 8 (Figure 59).  Out of the 25 bait traps at Streak, 3 (12%), 11 (44%), 9 
(36%), and 20 (80%) of the traps had ten or more native ant per trap during April, June, 
August, and October, respectively.  At Lucky Rock, 18 (72%), 13 (52%), and 3 (12%) of 
the bait traps contained ten or more native ants during June, August, and October, 
respectively.  At Talking Crows, 5 (20%) bait traps contained ten or more native ants 
during both June and October.  At Figure 8, 4 (16%), 3 (12%), and 4 (16%) of the bait 
traps contained ten or more native ants during June, August, and October, respectively. 
 
Relative abundance of RIFA and native ants 
 
When pooled for all seasons, the total number of bait traps in epigean habitats that 
contained more than ten RIFA or native ants per trap for at the six caves differed (χ2 = 
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195.12, df = 5, p<.001), as is dramatically evident in Figure 60.  In addition, the effect of 
RIFA density (as number of bait traps containing more than 10 RIFA per trap) on the 
density of native ants (as number of bait traps containing more than 10 native ants per 
trap) at each of the six caves was significantly correlated (r2= 0.782, p= 0.031, Figure 
61).  
 
RIFA mound counts 
 
Fire ant mounds were generally more evident (or abundant) at study sites in April and 
June (Figure 62).  Number of active RIFA mounds was positively correlated with the 
mean number of RIFA per trap (r² = 0.172, p = 0.012, Figure 63). 
 
Discussion 
 
Does distance from the cave entrance affect RIFA foraging on the surface (e.g., do RIFA 
forage more heavily or lightly near cave entrances)?  No, at the scale of our surface 
baiting (from 7.5 m to 16.8 m from the cave entrance), there was no significant effect. If 
this question was asked on a different scale (much larger or much smaller), or during 
different times of day (for example at dusk as crickets are leaving the cave entrance) 
results could conceivably differ.  However, from our observations of ants near cave 
entrances at dusk and at night, we have no reason to believe that foraging is more 
intensive close to cave entrances.   
 
Is 2 cm soil temperature a good predictor of RIFA (or native ant) foraging intensity?  Yes, 
both RIFA and native ants show distinct thermal windows in which the bulk of their 
foraging activity occurs.  These results are largely in agreement with the findings of 
earlier studies (Porter and Tschinkel 1987).  The 95% confidence interval of the 
temperature ranges at which RIFA and native ants are foraging did not overlap.  In 
addition, RIFA were generally foraging in greater numbers and at a broader range of 
temperatures than native ants.  
 
Is there seasonality to RIFA foraging?  Yes, sampling date had a significant effect on the 
number of RIFA trapped at all six caves.  August was the peak of RIFA activity in our 
study (Figure 57), and post hoc multiple comparisons showed that August differed 
significantly from January, April and December.  This is in agreement with Elliott’s (1992) 
data that indicate that RIFA are more likely to use caves, or at least cave entrances, 
during the hottest, driest part of the year (July-August). 
  
Is foraging activity by RIFA and native ants different at different caves?  Yes, the number 
of RIFA and native ants foraging on the surface varied among caves.  Four caves, Big 
Red, Mixmaster, Talking Crows and Figure 8, had a significant presence of RIFA, based 
on criteria we outlined in the methods prior to the study. The two remaining caves, 
Streak and Lucky Rock, had a significant presence of native ants.  These results are 
most clearly visualized in Figure 60.  Because of these differences, level of RIFA activity 
at Fort Hood caves needs to be assesses on a cave by cave basis.  Where RIFA occur, 
they result in a simplification of the biotic community (Morris and Steigman 1993, Porter 
and Savignano 1990, Jusion-Atresino and Phillips 1994, Wojcik et al. 2001).  Obtaining 
data on relative abundances of native ant taxa and fire ants can identify areas being 
most heavily impacted by the fire ants, and thus helps land managers choose where to 
prioritize RIFA control efforts. 
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Does the number of active mounds reflect RIFA foraging pressure, and is mound 
extermination a logical way to reduce the threat of RIFA?  There is a correlation between 
number of active mounds and RIFA foraging intensity.  However, while mounds were 
more abundant during April and June, August was the month with the highest foraging 
intensity of ants.  This reflects the fact that RIFA often do not maintain obvious mounds 
during dry periods, a pattern past studies have observed (Taber 2000, Elliott 1992, 
Taylor 2001) even though their foraging at that time is very intense.  Therefore, when 
conditions are hot and dry – that is, when RIFA are actively foraging but mounds are 
less obvious (and colonies, deeper in the ground, less vulnerable to boiling water 
treatments) – land managers may be better off using bait traps to monitor RIFA levels 
and poison baits (assuming they have no negative effects on the cave fauna, including 
cave crickets) to control RIFA levels.  During cooler periods in the spring and fall – when 
RIFA mounds are larger (and reproductive casts may be nearer to the top of the mounds 
for thermoregulatory reasons) – land managers may be better off using mound counts to 
monitor RIFA levels and boiling water treatments to control RIFA.  We are very 
concerned that poison baits may have negative effects directly and indirectly that make 
them unsuited to use around caves.  Non-toxic, time release repellents, however, may 
not be as problematic if they do not interfere with surface foraging by Ceuthophilus 
secretus. 
 
How do patterns of in-cave RIFA activity relate to surface RIFA foraging activity and to 
fluctuations in temperature?  RIFA were among the dominant taxa in in-cave quadrat 
samples at Big Red, Mixmaster and Talking Crows caves, accounting for 11.13%, 
2.09%, and 2.87% of the taxa sampled, respectively.  These caves were also the most 
highly impacted by RIFA on the surface, measured by surface bait traps. 
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Figure 51.  Number of fire ants (all sample periods combined) in bait traps compared to 
distance from the entrance of Big Red (A, B), Mixmaster (C, D), and Talking Crows (E, 
F) caves.  A, C, and E are scatter plots with best fit line, B, D, and F are box plots.  
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Figure 52.  Number of fire ants (June, August, October only) in bait traps compared to 
distance from the entrance of Big Red (A, B), Mixmaster (C, D), and Talking Crows (E, 
F) caves.  A, C, and E are scatter plots with best fit line, B, D, and F are box plots.  
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Figure 53.  Soil temperature (2 cm) in relation to numbers of Fire Ants (A) and native 
ants (B) in surface bait traps at all six caves for all seasons combined. 
 
 
 
 
 
 
 
 
 
Figure 54.  Box plots of the distribution of soil temperatures associated with no ants, 
native ants and RIFA in surface bait traps at all six cave sites on all dates. 
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Figure 55.  Mean/trap (A) and total number (B) of RIFA in surface bait traps by sample 
period at each cave. 
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Figure 56.  The percent of the 25 bait traps containing ten or more RIFA in epigean 
habitats during. Compare to Figure 59. 
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                 A        
               B  
 
Figure 57.  The effect of season (sampling period) on the distribution of the total number 
of RIFA found at the six cave sites.  A. Mean number of RIFA, B – Total number of RIFA.  
Numbers of ants with the same letter are not significantly different in post hoc multiple 
comparisons.  
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Figure 58.  Box plot of the season distribution of the total number of RIFA found at the 
four cave sites with a significant presence of RIFA over the year.  Central values in June, 
August and October are medians. 
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Figure 59.  The percent of surface bait traps containing ten or more native ants in 
epigean habitats during the sample year.  Compare to Figure 56.
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Figure 60. The total number of bait traps in epigean habitats, pooled for all seasons, that 
contained more than ten RIFA or native ants per trap for at each of the six caves. 
 
 
 
 
 
Figure 61.  The effect of RIFA density (number of bait traps containing more than 10 
RIFA per trap) on the density of native ants (number of bait traps containing more than 
10 native ants per trap) at each of the six caves.  The line fitted to the distribution is 
significant (r2= 0.782, p= 0.031). 
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Figure 62.  Average number of active RIFA mounds counted by sample period. 
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Figure 63.  The relationship of the number of active mounds to the mean number of 
RIFA per bait trap at each of the six caves for each season.   
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IV. Video analysis of interactions of Solenopsis invicta and 
Ceuthophilus secretus at feeding stations  
 
 
RIFA are known to compete with arthropod communities, but their interactions with 
nocturnal foraging by cave crickets, Ceuthophilus secretus, have been little studied 
(Elliott 1992).  Ceuthophilus secretus is an important part of the cave ecosystem, thus 
the interactions between the crickets and RIFA were examined in order to facilitate land 
management around cave entrances.  Examples of questions that managers may have 
include: To what degree do RIFA interfere with C. secretus foraging?  How much area 
around cave entrances needs RIFA control measures?  While this study does not fully 
answer these questions, it generates data on RIFA/Ceuthophilus secretus interactions 
that can help inform the management decisions.  If RIFA severely impact C. secretus 
foraging, managers may want to consider controlling RIFA for all or a large portion of the 
C. secretus foraging range.  If RIFA have little impact on C. secretus foraging, RIFA 
control measures should be based on other factors (e.g., decimation of food resources 
and other disturbance of natural communities, potential for in-cave RIFA foraging, etc.). 
 
Methods 
 
RIFA and C. secretus interactions at bait stations were examined by timing bait 
utilization at RIFA-excluded and RIFA-allowed bait stations placed near the entrance of 
Big Red Cave.  Design of the bait station was modified from Vinson (1991), and 
consisted of four pedestals, two with and ramps and two without ant ramps.  The 
pedestal was constructed from glazed ceramic dishes (high enough to exclude RIFA 
access, but low enough that the cave crickets can climb up to the top) coated with 
Fluon® AD1 (Asahi Glass Fluoropolymers USA, Inc., PO Box 828519, Philadelphia, PA, 
19182-8519) to prevent ants from climbing.  The containers were placed on a base (a 10 
cm x 10 cm square of cardboard) and were covered with a platform (a 5 cm x 5 cm 
square of cardboard) upon which a small dish with bait (tuna in oil) was placed (Figures 
64 and 65).   
 
Four bait stations were set up together at a location 2-20 m from the entrance to Big Red 
Cave, after crickets had begun to emerge from the cave (Figure 66).  Video taping 
commenced immediately following bait station placement, and continued for about one 
hour.  On some occasions a second taping session was performed on a single night in a 
location at least 5 m from the first. 
 
For each of four bait stations during each video session, the following events were 
recorded: arrival time and number of C. secretus, C. secretus behavior (on platform vs. 
feeding on bait), duration that C. secretus remained on bait or on platform, arrival time 
and estimated number of RIFA on platform, duration of RIFA stay on platform, and 
weather and other comments.  These factors were measured for 16 taping sessions on 
14 nights in the summer of 2003.  The exact number of fire ants could not be determined 
because infrared video quality is too grainy and the ants quite small, so RIFA numbers 
are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-100 RIFA; 4, >100 RIFA.  
Ant species were confirmed by visual observation in the field, and no other ant species 
had previously been collected at baits near Big Red Cave (Figure 60). 
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RIFA abundance categories are represented on graphs by 0, 5, 20, 100, and 1000 RIFA 
to allow interpretation in light of the presence or absence of crickets.  The x-axis for time 
on the graphs is not proportional to actual time, but instead represents the time that each 
new observation was made (e.g., a third cricket arrived, or the number of RIFA 
increased).  These x-axes are identical for each of the four bait platforms during each 
taping session, but vary between taping sessions.  The y-axes are identical in every 
graph, and represent the number of individuals (C. secretus or RIFA) on a logarithmic 
scale. 
 
Analysis consisted of graphing the arrival and duration of RIFA and C. secretus for each 
bait platform that was video taped during the months of June and July – 10 out of the 16 
taping sessions (Figures 67 -76).  Sessions that were taped during April and May were 
excluded because they contained very little C. secretus foraging and almost no RIFA 
foraging, probably due to cold temperatures. 
 
Results 
 
From a cursory examination of the videos (Figures 67 - 76) is apparent that Ceuthophilus 
secretus prefer to visit the platforms with ramps (i.e., RIFA-allowed bait stations), even 
when some RIFA are present.  Crickets were observed using both ramp and non-ramped 
platforms, but after analyzing all of the data it became clear that the crickets preferred 
using the ramps.  More than one cricket appeared at  9 of 20 possible RIFA-excluded bait 
stations, while more than one cricket appeared at 13 of 20 possible RIFA-allowed bait 
stations (see particularly Figures 67, 68, 69, 72, and 73).  Thus, it appears that the ramps, 
less than 4 cm off the ground, were high enough to discourage cricket access to the 
platforms.  While C. secretus demonstrates the ability to hop considerable distances (>60 
cm horizontally, >20 cm vertically [not actually measured]) when disturbed, our 
observations in the field both above and below ground suggest that this mode of travel is 
only used as an escape mechanism, and that the normal mode of travel is walking.   
 
Nocturnally foraging animals visited 35 of 38 bait platforms (possibly 36 of 38, see 
Figure 72). Ceuthphilus secretus generally arrived at bait stations before RIFA.  RIFA 
foraging activity is affected by temperature (Porter and Tschinkel 1978), and many times 
this ideal temperature (71.6 to 96.8 ºF) occurs at night, when the ants tend to be most 
active (Taber 2000).  Our videos were made in close proximity (2-20 m) to the cave, 
which may have given the crickets an advantage.  
 
The videos also show that while small numbers of crickets come and go at the bait 
stations over time, RIFA at baits were generally quick to recruit additional ants and the 
ants stayed at the bait through the end of the video session, nearly always increasing in 
numbers.  In 10 of the 11 times that RIFA visited bait platforms (possibly 10 of 10, see 
Figure 72), their numbers increased over time.  
 
We observed crickets on the tapes striking other crickets with their metathoracic legs, and 
moving their bodies into positions that interfered with foraging by other crickets.  These 
behaviors may represent competition between the crickets, while foraging by RIFA is, at 
least functionally, a cooperative effort.   
 
Videos of several of the RIFA allowed platforms documented interactions between RIFA 
and C. secretus (Figures 67 C, 68 A and D, 70 B and C, 71 A, 72 A and D, 73 B and C).  
The overwhelming trend is for C. secretus to arrive at the bait first, but then to be 
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displaced after the arrival of RIFA.  In 9 of 10 of instances, C. secretus appear, followed by 
the appearance of RIFA, and ending with C. secretus either diminishing in numbers (2/9 
times) or disappearing entirely (7/9 times).  In the single bait station where RIFA appeared 
first and did not force C. secretus away (Figure 72 A), there was a video scoring question 
because of poor video resolution. 
 
Although we have observed RIFA foraging on the carcasses of cave crickets both above 
ground and in caves (see cover photo of this report), there were no instances of RIFA 
depredation of the crickets on the video tapes.  It is unclear if the observed instances of 
foraging on cricket carcasses represents scavenging or the aftermath of a predation event. 
 
Discussion 
 
The cave cricket Ceuthophilus secretus is important to the cave community because it 
forages above ground at night, bringing energy into the caves where it roosts, defecates, 
reproduces and, often, dies.   Because of its importance, the interaction of this species 
with Solenopsis invicta during its nighttime forays needs to be better understood.  The 
video study results presented here demonstrate that the two species, at least on artificial 
baits, compete for food resources.  While C. secretus may be able to locate food 
resources more quickly, cricket numbers at baits decline as RIFA recruit large numbers of 
ants to the resource.  Given that cricket discovery of foods further from the cave entrance 
may take longer (due to greater travel times and decreasing cricket density with increasing 
distance from the caves), and that RIFA are actively searching for food prior to cricket 
emergence from the cave (which occurs just after sundown), the ants likely will dominate 
any large food resource.  Ceuthophilus secretus may forage more actively in cooler 
temperatures, but during warmer nights RIFA appear to be able to dominate large, energy-
rich food sources.  Our studies were carried out using a single type of food.  It may be that 
the ants and crickets optimally choose different food types, but observations by Elliott, 
Reddell, and in the present study suggest that the crickets are omnivores, much like the 
fire ants. 
 
Because the cave community that utilizes energy brought to the caves by the crickets 
contains a number of rare species of concern (Reddell 2001), land managers should 
consider controlling RIFA activity within the all or part of foraging area of the crickets 
because the ants are, at least in our study, out-competing the crickets foraging at high 
energy food resources. 
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Figure 64. RIFA-allowed (lower left and upper right) and RIFA-excluded tuna bait 
stations. Cardboard platform is high enough off of the ground that RIFA cannot reach it 
without a ramp, and the dish beneath the cardboard is coated with a substance 
(Fluon®)9 that the ants cannot climb.  The cardboard platform is low enough that C. 
secretus can climb up to the bait, though they preferred the ramps.  Adding cardboard 
strips (ramps) leaning from the ground up onto the cardboard platform allows access by 
RIFA for the RIFA-allowed bait stations.  Note Solenopsis invicta foraging trails leading 
to RIFA-allowed station and crickets foraging on RIFA-excluded stations.  Photo by Jean 
Krejca, July 2003.   
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Figure 65. Nymphs of C. secretus  and Solenopsis invicata at RIFA-allowed bait station, 
feeding on tuna.  Photo by Steve Taylor, 2 September 2001. 
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Figure 66.  Layout of RIFA-excluded vs. RIFA-allowed bait stations and infrared video 
camera.  Video taping was performed with minimal human interruption and using 
infrared lighting to avoid disrupting the behavior of the study organisms. 
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Figure 67. Cricket and RIFA foraging at bait stations on 19 June 2003.  Grey squares 
show RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on 
the y-axis. RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-
100 RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 
100, and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. 
The x-axis is time of night.  
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Figure 68. Cricket and RIFA foraging at bait stations on 23 June 2003.  Grey squares 
show RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on 
the y-axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-
100 RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 
100, and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. 
The x-axis is time of night.  
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Figure 69. Cricket and RIFA foraging at bait stations on 26 June 2003.  Grey squares 
show RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on 
the y-axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-
100 RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 
100, and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. 
The x-axis is time of night.  
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Figure 70. Cricket and RIFA foraging at bait stations on 30 June 2003.  Grey squares 
show RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on 
the y-axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-
100 RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 
100, and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. 
The x-axis is time of night.  
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Figure 71. Cricket and RIFA foraging at bait stations on 2 July 2003.  Grey squares show 
RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on the y-
axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-100 
RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 100, 
and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. The 
x-axis is time of night (or, in this case early morning just after midnight).  
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Figure 72. Cricket and RIFA foraging at bait stations on 7 July 2003.  Grey squares show 
RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on the y-
axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-100 
RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 100, 
and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. The 
x-axis is time of night (or, in this case early morning just after midnight).  The RIFA scored 
on Platform A are questionable because of poor video resolution.  This occurrence is only 
a possible presence of up to 5 individuals – no RIFA could be counted with certainty.  
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Figure 73. Cricket and RIFA foraging at bait stations on 8 July 2003, for the first taping 
session.  Grey squares show RIFA numbers, black triangles show cricket numbers, both 
on a logarithmic scale on the y-axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 
RIFA; 2, 6-20 RIFA; 3, 21-100 RIFA; 4, >100 RIFA. On the graphs, these categories are 
represented by 0, 5, 20, 100, and 1000 RIFA to allow interpretation in light of the presence 
or absence of crickets. The x-axis is time of night.  
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Figure 74. Cricket and RIFA foraging at bait stations on 8 July 2003, for the second taping 
session.  Grey squares show RIFA numbers, black triangles show cricket numbers, both 
on a logarithmic scale on the y-axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 
RIFA; 2, 6-20 RIFA; 3, 21-100 RIFA; 4, >100 RIFA. On the graphs, these categories are 
represented by 0, 5, 20, 100, and 1000 RIFA to allow interpretation in light of the presence 
or absence of crickets. The x-axis is time of night (or, in this case just before and just after 
midnight spanning 8-9 July 2003).  
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Figure 75. Cricket and RIFA foraging at bait stations on 9 July 2003.  Grey squares show 
RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on the y-
axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-100 
RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 100, 
and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. The 
x-axis is time of night. 
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Figure 76. Cricket and RIFA foraging at bait stations on 10 July 2003.  Grey squares show 
RIFA numbers, black triangles show cricket numbers, both on a logarithmic scale on the y-
axis.  RIFA numbers are categorical: 0, no RIFA; 1, 1-5 RIFA; 2, 6-20 RIFA; 3, 21-100 
RIFA; 4, >100 RIFA. On the graphs, these categories are represented by 0, 5, 20, 100, 
and 1000 RIFA to allow interpretation in light of the presence or absence of crickets. The 
x-axis is time of night.  
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V. Foraging range of Ceuthophilus secretus 
 
 
One of the most compelling management issues with regard to the protection of rare 
karst species of concern in central Texas is “how much area needs protection to 
maintain a natural cave community?”  Certainly there are hydrological and geological 
components to this question, and we might presume it is reasonable to exclude RIFA 
from an area around a cave entrance, or cave footprint, that has a radius at least equal 
to the known foraging range of RIFA.  However, we feel we have demonstrated, in the 
present study, that the cave cricket Ceuthophilus secretus is a keystone species in the 
cave community because 1) the crickets often occur in large numbers, and 2) the 
crickets are one of the primary modes of transporting energy from the surface 
environment into the cave.  Cave crickets forage at night on the surface, returning to the 
cave at night.  Their feces, dead bodies, and eggs (laid in the caves) constitute a 
significant portion of the available energy in the cave environment.  Consequently, the 
foraging range of these crickets is a crucial piece of information for effective 
management of cave and karst resources.  Land managers may wish to control access 
to, or control RIFA populations in, all or part of the foraging range of the crickets to help 
maintain natural surface and cave communities. Here we examine the question of how 
far from cave entrances the cave crickets forage.  To address this question, we marked 
emerging crickets with UV bright paint, then searched for them with blacklights in the 
vicinity of the cave. 
 
Methods 
 
In order to determine the foraging range and obtain population estimates, crickets 
(Ceuthophilus secretus) emerging from Big Red Cave at dusk to forage (Figure 77) were 
marked with a single color of fluorescent, or UV bright, paint (Crayola® water-based 
paint, color: fluorescent yellow) (Figure 78) just outside the entrance.  The paint was 
applied to a large enough portion of the back and heavy enough layer that it was clearly 
visible, but not so thick that it would run off or take excessively long to dry (Figure 78).  
Minimizing cricket handling time was made a priority, and was less than 10 seconds per 
individual, and care was taken to avoid the paintbrush touching the eyes or antennae 
since this may affect behavior.  Some individuals shed a single rear leg during handling, 
but this was estimated to be less than 5% of the total number marked – utilizing a skilled 
researcher with experience almost completely eliminated leg loss.  We found that people 
inexperience and/or uncomfortable with handling cave crickets had much more trouble 
with leg autonomy.  During periods when many individuals were leaving the cave 
simultaneously, larger individuals were painted first because we suspected they would 
be more tolerant of the stress, easier to handle and paint, and would be more likely to 
provide data on the maximum foraging range of cave crickets.  After painting, the 
crickets were immediately released within 1 m of the cave entrance and generally 
continued out on their foraging excursions.  A few (<5%) of the crickets immediately 
went back into the cave.   
 
After painting the crickets, two researchers (one searching the northern, the other 
searching the southern, half of a circle around the cave entrance with a radius of 100 m 
of the cave entrance) hunted for crickets with a portable, battery powered black light 
(Figure 79).  The transects, or search routes, had previously been defined based on 
distance from the cave, such that in plan view each transect roughly looked like a semi 
circle, with the cave entrance in the center and a radius of 100m (Figure 80).  During 
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searching, a WAAS-enabled Garmin Etrex ® series GPS reciever was carried with 
tracks recording latitude/longitude values at the most frequent intervals available on this 
receiver model (about every 8 to 15 seconds when walking, or up to one and a half 
minutes when moving very slowly).  The ‘map’ and ‘goto’ feature on the GPS unit helped 
the searchers focus on areas that had not yet been surveyed and also search an 
approximately equal amount of time at each distance from the cave.  Using circle area 
calculations, it was determined that for a total of three hours of search time, 
approximately 65 minutes should be spent in the 80 m – 100 m range, 50 minutes in the 
60 m – 80 m range, 36 minutes in the 40 m – 60 m range, 22 minutes in the 20 m – 40 m 
range and 7 minutes in the 0 m – 20 m range.  These figures helped guide the 
researchers as they allotted search effort to different areas. 
 
When crickets were located in the field (Figure 81), locations of crickets were marked as 
waypoints in the GPS receiver and marked with a uniquely numbered wire flag. Data 
about each cricketer were collected, including: life stage, gender, paint color (one 
evening a different color was used in order to test paint longevity), behavior, substrate 
and distance off of ground.  The following day, a survey to the flags was conducted 
using compass, clinometer and fiberglass measuring tape.  This information was entered 
into a surveying program (Walls 2.0 B6, © Dave McKenzie) in order to obtain an 
independent measure foraging distances, allowing error checking and comparison to the 
localities derived from GPS data.  The compass and tape survey typically has about two 
percent error, such that distances are accurate to within about a meter after data 
reduction and loop closure by the surveying program.  Estimated position errors on the 
hand held GPS receivers varied from 3 to 8 m.   In addition to the compass and tape 
survey, day-after activities included taking photographs of the ground and canopy cover 
and measurements ground cover height, understory height, and canopy height.  We 
used a Nikon Coolpix ® digital camera set on "basic" (640 x 480 pixels) to take a picture 
of ground cover, using a 0.5 m2 quadrat (0.701 x 0.701 m), as described in Taylor (2001).  
On the same setting, and at the wide-angle setting, the researcher also took a picture 
looking straight up at the canopy/sky.  This picture, taken at chest height, provided an 
estimate of canopy cover. The ground cover and canopy cover images are presently 
being analyzed in a manner similar to that described in Taylor (2001) and elsewhere in 
this document in the description of study sites section.  Height measurements were 
taken using a meterstick or fiberglass survey tape, and were measured to the highest 
vegetation that occurred within a visualized 20 cm diameter cylinder projected upward 
from the exact point the cave cricket was found.  Much of the habitat data collected is 
still being analyzed. 
 
Later, the GPS track data were downloaded to a PD and converted to GIS shape files in 
ArcGIS (Figure 82).  Obvious spike corresponding to loss of satellite coverage were 
evident by examining the speed of the track leg.  Erroneous readings were removed 
from the analysis.  The shape files were used to quantify search effort in rings 
comprising concentric 10 m distance intervals from the cave entrance in order to obtain 
a distribution of crickets at various distances per unit search effort.  That is, the amount 
of time spent searching for crickets in each concentric ring (Figure 83) was calculated 
using GPS track data which provides line segment lengths and speed (km/h).  By 
clipping line segments (within ArcGIS) and only looking at those within a given ring (e.g., 
80 m to <90 m, Figure 84), we were able to determine the amount of time searching at 
that distance.  We then converted the number of crickets found at each distance into 
numbers of crickets per unit effort (time).  Finally, we adjusted the crickets per minute 
data to account for the differing areas (m2) of the concentric 10 m wide distance intervals. 
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Statistical analyses (correlations, means, paired t-test) were carried out using SAS 
procedures (SAS Institute 2001). 
 
Results 
 
During 17 nights between 8 May and 10 July, 2003 we marked more than 1000 
emerging crickets. Over the course of the field work, 291 paint-marked Ceuthophilus 
secretus were relocated at night on the surface around Big Red Cave (Table 14, Figure 
85, 86).  Of these, 193 were adults, 94 were nymphs, and the developmental stage of 4 
was undetermined (typically because the hopped away before this could be determined).  
Based on the GPS locations, crickets were found at 38.5 meters from the cave on the 
average, with distances varying from 2.3 meters up to 105.7 meters.  Ninety percent of 
the crickets were found within 72 meters of the cave entrance.  Crickets were active from 
about 9 pm to at least 3 am (the latest that the field crew stayed out searching), the 
average cricket was found shortly before midnight (23.88 h, Table 15).  Humidity and 
temperature during searches ranged from 57 to 100 % and19.9-29.4 ºC, respectively 
(Table 15).   Total person-hours of searching was over 45.4 (Table 16), with over 4 to 
nearly 6 h spent searching in each 10 m interval between 30 and 100 m, somewhat less 
closer to the cave and beyond 100 m (Table 16).  When numbers of crickets found at 
each distance interval was corrected for search effort measured by time spent searching 
(Table 17, Figure 87), we found that 42 percent of the crickets/minute were in the 0 to 
<10 m range and 19 percent of the crickets/minute were in the 10 to <20 m range.  
These figures, however, are not adjusted to be proportional to the available area at each 
distance interval from the cave.  In Table 18, we adjust the crickets per minute 
proportional to the area at each distance interval.  These values show that between 
almost 9 and about 15 % of the crickets are foraging in each distance interval between 
10 and 80 meters (Table 18, Figure 88).  Proportionally, about half (51.1%) of the 
crickets were foraging at less than 40 m from the cave, 70.7% at less than 60 m from the 
cave, 81.3% at less than 70 m from the cave, 91.9% at less than 80 m from the cave, 
and 96.0% at less than 90 m from the cave entrance (Table 18, Figure 89). The trend of 
our data (Figure 88) suggests that some individuals may forage even farther from the 
cave than the maximum of 105 m observed in our study. 
 
Distance from entrance as measured by GPS and by survey were highly positively 
correlated (r2=0.9781, p<0.0001), and were not significantly different (paired t-test, 
df=290, t=-1.89, p=0.0594).  Time of night at which the cricket was discovered was 
positively correlated with distance from the cave entrance (r2=0.0262, p=0.0059) 
indicating that the later in the night we searched, the further out from the cave entrance 
the crickets were likely to be (Figure 90). 
 
Discussion 
 
Potential problems with the methods used in this study include: a) paint marks could 
interfere with cricket behavior; and b) searching for foraging crickets could alter their 
foraging behavior.  While these concerns cannot be eliminated, preliminary trials did not 
demonstrate any obvious behavioral changes.  However, the methods used also have 
several advantages: a) only crickets emerging to forage are marked; b) many crickets, a 
high proportion of those emerging, can be marked by an experienced and skilled 
researcher; c) the caves are subjected to less disturbance; d) the effort expended to 
mark each cricket is considerably less than in-cave marking (for example, no need to 
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use vertical caving techniques); e) large numbers of data points can be acquired; f) the 
emergence location of all foragers is known; g) lack of unnaturally rich bait stations 
makes it more likely that observed foraging distances are natural. 
 
The results of this study indicate that the foraging range of Ceuthophilus secretus is 
much greater than the distances reported by Elliott (1992), who said that “Cave crickets 
mostly feed within 5 or 10 m of the cave entrance, but large adults may travel 50 m or 
more.”   The idea that most cave crickets forage within 30 m of the entrances of caves 
(Reddell and Cokendolpher 2001b) will need to be reconsidered in light of the present 
study. 
 
Ceuthophilus secretus is important in central Texas cave communities because it brings 
significant energy into the cave through its surface forays.  On the surface, the Red 
Imported Fire Ant (RIFA), Solenopsis invicta, is an important introduced predator. 
Possible interactions (competition and/or predation) between cave crickets and RIFA 
could, therefore, have significant impacts on cave communities.  Thus, the foraging 
range of the cricket has significance for land managers who may wish to control RIFA 
populations around caves that contain federally endangered terrestrial cave 
invertebrates. 
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Table 14.  Summary data on 291 marked crickets located on the surface around Big Red 
Cave. 
 
 
 Distance Adults Nymphs Undetermined Total 
 
 0 to <10 7 7 0 14 
 10 to <20 33 26 0 59 
 20 to <30 32 23 1 56 
 30 to <40 30 15 1 46 
 40 to <50 27 9 0 36 
 50 to <60 12 7 0 19 
 60 to <70 21 3 0 24 
 70 to <80 20 2 1 23 
 80 to <90 6 1 1 8 
 90 to <100 4 1 0 5 
 100 to <110 1 0 0 1 
 Totals 193 94 4 291 
 
 
 
 
 
 
 
 
 
 
Table 15.  Basic description of parameters measured in association with each cricket. 
Start and end times refer to the start and end of all searching for crickets on each 
evening. 
 
 
Variable N      Mean         Std. Dev. Minimum Maximum 
 
Distance (m, GPS) 291 38.36701 22.66088 2.31728 105.78924 
Distance (m, Survey) 291 38.75151 23.27540 2.16000 108.05509 
Time Cricket Found 288 23.87714 1.02550 21.85000 26.56667 
Start temperature (ºC) 288 25.10486 2.20810 21.20000 29.40000 
End temperature (ºC) 245 23.02449 2.23813 19.90000 28.90000 
Start humidity (%) 281 80.30605 9.41421 57.00000 96.00000 
End humidity (%) 240 88.17917 8.34790 66.00000 100.00000 
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Table 16.  Total search effort at differing distances from the cave entrance in concentric 
10 m distance intervals.  Based on ArcView analysis of GPS data. 
 
 
Distance Total Meters Minutes Hours % of distance % of time 
 
0 to <10 249.570 15.008 0.250 0.406 0.550 
10 to <20 2460.581 141.668 2.361 4.001 5.189 
20 to <30 4219.056 195.449 3.257 6.861 7.159 
30 to <40 4915.870 261.747 4.362 7.994 9.587 
40 to <50 5443.992 321.096 5.352 8.853 11.761 
50 to <60 5506.427 246.645 4.111 8.954 9.034 
60 to <70 7075.895 312.220 5.204 11.507 11.436 
70 to <80 8313.473 342.700 5.712 13.519 12.552 
80 to <90 9015.722 348.408 5.807 14.661 12.762 
90 to <100 9190.837 359.156 5.986 14.946 13.155 
100 to <110 5103.204 186.022 3.100 8.299 6.814 
      
Totals 61494.627 2730.117 45.502 100.000 99.999 
 
 
 
 
 
 
 
 
Table 17. Adjusting numbers of crickets found in each concentric 10 m distance interval 
for the proportion of time spent in that distance interval. 
 
      Total 
Distance    Total  Crickets / 
(m) Adults Nymphs Undetermined Crickets Minutes Minute 
  0 to <10 7 7 0 14 15.008 0.933 
10 to <20 33 26 0 59 141.668 0.416 
20 to <30 32 23 1 56 195.449 0.287 
30 to <40 30 15 1 46 261.747 0.176 
40 to <50 27 9 0 36 321.096 0.112 
50 to <60 12 7 0 19 246.645 0.077 
60 to <70 21 3 0 24 312.220 0.077 
70 to <80 20 2 1 23 342.700 0.067 
80 to <90 6 1 1 8 348.408 0.023 
90 to <100 4 1 0 5 359.156 0.014 
100 to <110 1 0 0 1 186.022 0.005 
Totals 193 94 4 291 2730.117 2.187  
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Table T18.  Adjusting crickets per minute to be proportional to the total area at each 
concentric 10 m distance interval. 
 
     Cumulative 
    Proportion proportion 
  m2 area Crickets of crickets of crickets 
  at per minute per minute per minute 
Distance Crickets per distance adjusted adjusted adjusted 
interval minute interval for area for area for area 
0 to <10 0.933 314.159 293.068 0.098 0.098 
10 to <20 0.416 942.478 392.512 0.132 0.230 
20 to <30 0.287 1570.796 450.063 0.151 0.382 
30 to <40 0.176 2199.115 386.478 0.130 0.511 
40 to <50 0.112 2827.433 317.001 0.106 0.618 
50 to <60 0.077 3455.752 266.210 0.089 0.707 
60 to <70 0.077 4084.070 313.938 0.105 0.813 
70 to <80 0.067 4712.389 316.268 0.106 0.919 
80 to <90 0.023 5340.708 122.631 0.041 0.960 
90 to <100 0.014 5969.026 83.098 0.028 0.988 
100 to <110 0.005 6597.345 35.465 0.012 1.000 
Totals 2.187  2976.733 1.000 
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Figure 77 A, B.  Ceuthphilus secretus emerging from Big Red Cave. 
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Figure 78. Painting the thorax of Ceuthophilus secretus with fluorescent (UV bright) paint.  
Big Red Cave.  The cricket is ready to be released.  Photo by Jean Krejca, 5 September 
2001. 
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Figure 79. Researcher using blacklight to search for painted crickets in 100m radius from 
Big Red Cave.  Photo by Jean Krejca, May 2003. 
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Figure 80. GPS tracks from cricket foraging searches on 1 July 2003.  Small black points 
represent track points logged by the GPS unit.  Short black lines have length data and 
speed data stored in the GPS, from which time was later calculated in the laboratory.  
Cricket localities have been marked with letter number designations, some of which are 
visble in this figure.  The red circles, centered on the cave entrance, represent 20 m radii 
increments out to the 100 m survey distance (final analysis used 10 m concentric 
distance intervals). 
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Figure 81. Marked Ceuthophilus secretus foraging at night about 20 m from Big Red 
Cave.  Yellow paint mark on cricket shows up much better under black light than in this 
flash-lit image.  Photo by Steve Taylor, 5 September 2001. 
 
 
Figure 82.  ArcView shape files of a GPS track of a person searching to the north and 
northeast of the cave entrance. 
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Figure 83.  A second track (in red), from the same night of searching, has been added to 
the ArcView display.  Concentric rings at 10 m intervals have been overlaid for clipping. 
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Figure 84.  ArcView shape files of a GPS track of two searches with the tracks clipped, 
such that only the tracks in the 80 to <90 m concentric 10 m wide distance interval 
remain.  The total lengths of the visible line segments, and the number of seconds of 
searching associated with each segment, are a measure of the search effort on this 
night for this concentric 10 m wide distance interval. 
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Figure 85.  Histogram chart summarizing the distribution of 291 marked crickets 
recovered during nocturnal searches at Big Red Cave, by concentric 10 m distance 
interval from cave entrance (x axis) and numbers of individuals (y axis). 
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Figure 86.  Locations (based on GPS data) of foraging crickets located in the field 
around Big Red Cave.  In addition to the locations of 291 marked crickets, this plot also 
includes 23 unmarked crickets found during nighttime searches.  The two crickets in the 
upper left in the triangular wooded area are unmarked, and closer to another karst 
feature than they are to Big Red Cave. 
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Figure 87.  Number of crickets at each concentric 10 m wide distance interval from the 
cave entrance corrected for amount of time (minutes) of search effort, yielding number of 
crickets per minute searching. 
 
 
Figure 88.  Proportion of the total crickets per minute and adjusted for the total area at 
each concentric 10 m wide distance interval from the cave entrance. 
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Figure 89.  Cumulative proportion of the total crickets per minute and adjusted for the 
total area at each concentric 10 m wide distance interval from the cave entrance. 
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Figure 90.  Time of night (h) versus GPS distance from cave (m).  A=1 observation, B=2 
observations, etc. 
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Summary and Conclusions 
 
 
This study has quantified the extent to which fire ants utilized six caves at Fort Hood, 
Texas.  Our data demonstrate that the degree of impact varies among caves and across 
seasons. 
 
The activity of RIFA on the surface seems not to be particularly concentrated around 
cave entrances, at least at the scale and scope of our study.  While we observed RIFA 
regularly foraging in the entrance and twilight areas of caves located where surface 
RIFA foraging was high, we did not observe extreme numbers of RIFA in caves, as did 
Reddell and Cokendolpher (2001b) who reported that in such cases “the entire floor and 
much of the walls of the cave are carpeted with ants.”  Certainly such extreme 
infestations occur, but they do not appear to be typical in the six caves we studies.  On 
the other hand, we did find foraging trails in the colder months well back into one cave 
where it was obvious that the ants were entering the cave from the soil above – not via 
the entrance.   This observation supports managing RIFA populations not just around 
cave entrances, but around cave footprints.  The occasional foraging of RIFA deeper 
into caves should not be underplayed.  It is important to keep in mind that cave faunas 
include numerous species adapted to low-energy situations (Poulson and White 1969).  
Among these adaptations are, typically, reduced metabolic rates, longer life spans, and 
the production of fewer offspring (Culver 1992, Howarth 1983).  Thus, a single instance 
of a foraging trail of RIFA becoming established deep in a cave could conceivably 
decimate the cave-limited fauna to a degree that it may take many years for the cave 
community to recover.  For these reasons, it is prudent to be proactive, controlling RIFA 
in areas that may allow them access into any part of caves containing species of 
concern. 
 
Our data also indicate that, at higher foraging intensities, RIFA have displaced surface-
dwelling native ant communities.  Other literature on RIFA indicates that the fire ants 
also displace much of the rest of the invertebrate community.  Because we do not know 
much about what Ceuthophilus secretus forages on in the wild (we know they are 
attracted to tuna baits, suggesting proteins are a component of their diets), it may be that 
RIFA are eliminating key foods utilized by C. secretus.  Even if C. secretus is a 
generalist, opportunistically omnivorous species, our video analysis of cricket/RIFA 
interactions clearly indicate that RIFA displace the crickets at high energy food sources. 
  
The available data on cave systems (e.g., Wilkens et al. 2000) clearly demonstrates the 
dependency of troglobites on scarce resources obtained from epigean habitats.  That is, 
the rare karst invertebrates depend upon a natural influx of nutrients in the form of 
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organic material – fecal material from major trogloxenes (e.g., cave crickets), leaf litter, 
and animals (both dead and alive).  Our data demonstrate the Ceuthophilus secretus 
play a key role in this process at many caves on Fort Hood, a view held by Reddell and 
Cokendolpher (2001b) who indicated the primary threat to the cave communities by 
RIFA was the impact of this ant on cave cricket populations.  We have documented large 
numbers of the crickets emerging from a cave and foraging up to at least 105 meters 
from the cave entrance.  When we account for search effort (time) and adjust for 
available area at each distance interval, we found that 50 % of the crickets are foraging 
within 40 meters of the cave entrance.  Even so, our calculations also indicate that more 
than 18% of the crickets are foraging beyond 70 meters from the cave entrance.  These 
numbers are significantly different from the findings of Elliott (1992), who worked with 
Ceuthophilus secretus and a closely related, undescribed species (“Species B”), noted 
that  “Cave crickets mostly feed within 5 or 10 m of the cave entrance, but large adults 
may travel 50 m or more.”   Prior to the present study, then, it was thought that most 
cave crickets forage within 30 m of cave entrances (Elliott 1992, 1994; Reddell and 
Cokendolpher 2001b). 
 
Elliott’s data, coupled with knowledge of RIFA foraging ranges, have been used as the 
basis for carrying out RIFA treatments around caves in the Austin/San Antonio area.  
Our data suggest that a larger area may need protection.  One possibility for cave 
resource management would be to create a buffer around the footprint of a cave (not just 
the entrance, as we can’t be sure that there are not other, cricket-sized entrances that 
we have overlooked) based on the foraging range of the cave crickets.  It may not be 
feasible to encompass the entire foraging range – in fact, we have not yet determined 
the maximum foraging distance for the crickets.  Instead, it may be reasonable to choose 
some portion of the foraging range (e.g., 90%) and manage that area.  It may be 
appropriate to extend another buffer beyond the cricket foraging range for about 25 m to 
account for the foraging range of RIFA (thus avoiding interactions), and perhaps another 
buffer around that, within which one could attempt to maintain natural vegetation, 
avoiding edge effects that favor fire ants.  The concept of multiple buffers around a cave 
footprint is graphically illustrated in Figure 91. 
 
Finally, our data shed new light on the abundance, distribution and microhabitat 
utilization of a number of the cavernicoles in Fort Hood caves.  These data afford a 
greater understanding of the structure and functioning of the cave ecosystem, and point 
towards unanswered questions and suspected relationships among organisms.  The 
importance of cave-adapted springtails (herein only identified to “white springtail”) has 
not been sufficiently emphasized in the literature on central Texas caves.  We counted 
more than 10,000 springtails in quadrats during our study.  They were present in about 
40% of the quadrats.  The springtails appear to be associated with guano of cave 
crickets and other organisms, and probably serve as an important, if not the most 
important, food source for the smaller, cave-adapted predators found in the caves.  
Among those predators are several rare spiders listed among the taxa in Reddell’s (2001) 
species of concern. 
 
Many questions remain to be answered.  How far can cave crickets really forage?  What 
do they eat?  How bad is the fire ant problem in the rest of the caves at Fort Hood?  
What RIFA control mechanisms avoid interfering both with Ceuthophilus secretus 
foraging and with the native ant community?  Who preys upon whom in the caves?  How 
long are the life cycles of the cave crickets – when do they breed, how many young are 
produced?  How big are their populations?  What role does Ceuthophilus cunnicularis 
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play in the cave community?  How does vegetation (e.g., juniper forest vs grassland vs 
oak forest) affect the cave community?  What types of long term fluctuations in 
populations of cave organisms are expected in a normally functioning cave community?  
What methods are best for long term monitoring of cave communities? 
 
 
Our studies suggest the need for comparative work at other caves, both at Fort Hood 
and elsewhere in central Texas, to assess the degree to which our findings are 
generalities instead of specifics relating only to the caves examined.  In addition, the 
caves used in the present study are now well suited to long-term monitoring studies that 
might demonstrate trends, or identify the degree to which populations naturally fluctuate 
from year to year.  Our finding of no apparent seasonality to the abundance of 
troglobites is inconsistent with what is commonly presumed to be the case in central 
Texas.  However our sample size of the rare organisms is relatively small, and studies 
more extensive in scope (either in time or across more caves) would be useful for 
learning more about the life histories of these species of concern. 
 
The results our study raise numerous questions, many of which have management 
implications. 
 
Two of these questions we hope to address in work that is just getting underway: 
What do the crickets really eat? 
We hope to begin to address this question with stable isotope analyses of 
crickets and other floral and faunal elements.   
Just how far, how long, and how often does an individual cricket forage?  
We hope to be able to address these questions with a radio tracking 
study of the crickets. 
 
Other questions ripe for asking in the future include a number of questions about caves 
and their faunas: 
How does energy move through the cave community?  What portion of the total 
organic carbon entering the caves is derived from cave crickets?  From leaf litter?  
How much energy does a cave cricket bring into a cave?  What is the total 
energy budget of a cave?  Does the pattern of dominant taxa observed in our 
study generally apply to all caves at Fort Hood? Caves of central Texas in 
general?  How do species associations such as Rhadine reyesi/Ceuthophilus 
secretus function?  What are all those white springtails doing, and how does that 
relate to the movement of energy from the surface, through crickets, and on into 
rare predators such as the endemic Cicurina species? 
Other questions involve the fire ants, and epigean terrestrial systems: 
How does RIFA density affect native ant populations across Fort Hood?  What 
species of native ants occur at Fort Hood?  How do RIFA control methods affect 
native ant faunas?  How do RIFA control methods impact cave faunas? 
Other issues relating to our findings and the questions above relate to development, or 
modification, of cave management plans: 
How are the cave faunas across Fort Hood related to one another?  Might 
relatedness of faunas combined with hydrological and geological studies allow 
partitioning of the karst at Fort Hood into areas or zones of related features or 
management units?  These questions certainly beg for detailed studies of 
population genetics.  In spite of years of study, there is no systematic record of 
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exactly which areas have been scoured for caves – might some areas be under-
explored and have the potential to yield new populations of rare taxa? 
 
Few ecological studies of cave organisms have been carried out in settings where the 
fauna is well known.  We are extremely fortunate to have the foundation of knowledge at 
Fort Hood that has been provided by the work of Reddell, Cokendolpher and others – 
their works allowed us to conduct a unique study in which quantitative area searches 
were done with very little “take” of the fauna.  The fact that the caves are very small and 
relatively uniform in structure (e.g., no streams or large rooms) means that the quadrat 
methodology provided a very detailed picture of the faunal composition in relation to 
microhabitat and environmental parameters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“Ants are worthy citizens, but they are not, as a rule, very much fun.” 
Page 67 in: Brooks, Walter R.  1943.  Freddy and the Bean Home News. Alfred A. Knopf, New York. 230 pp.
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Figure 91.   Buffers drawn around the outline of a cave at Fort Hood using ArcGIS.  
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